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ABSTRACT 
 
ANALYSIS OF THE WATER QUALITY OF THE KISKIMINETAS RIVER SYSTEM AND 
ITS IMPACTS ON THE ALLEGHENY RIVER, PENNSYLVANIA 
 
 
 
By  
Emily Mashuda 
August 2016 
 
Dissertation supervised by Brady Porter 
 The Kiskiminetas River system, a major tributary of the Allegheny River, has a history of 
water quality impacts due to industrial activity.  In conjunction with the program 3 Rivers 
QUEST, a comprehensive analysis was conducted on the water quality of the Kiskiminetas 
system and its impacts on the Allegheny River.  Samples were collected biweekly from 8 sites in 
the Kiskiminetas watershed and the Allegheny River, from 2013 to 2015, and sent to a certified 
lab for analysis.  Data was analyzed for concentrations of several anions and dissolved metals 
and for the chemical ratios between sites and compared to historic data.  These parameters were 
analyzed in comparison to known potential pollutants to evaluate impacts on water quality of 
surface water. The data suggests an improvement in water quality from a reduction in abandoned 
mine drainage, but increases in bromide, chloride, and strontium indicate increasing impact from 
unconventional gas development.  
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CHAPTER 1: 3 RIVERS QUEST  
1.1 About 3 Rivers QUEST (Quality Useful Environmental Study Teams) 
 Clean water is essential to our way of life, making it an important resource to conserve.  3 
Rivers QUEST is a comprehensive water quality monitoring and reporting program dedicated to 
Research on our surface water sources in the Allegheny, Monongahela, and Ohio Rivers.  This 
program combines both researchers and citizen based groups who work together to collect 
important water quality information; the data collected is made available on the website 
(3riversquest.org) for public, researchers, Industries, and federal and state agencies, to view.  By 
working to establish new programs and initiatives, 3 Rivers QUEST hopes to help develop new 
technologies and inform policy to keep our water quality protected.   
 The program began in 2009, initially as Mon River QUEST, following several water 
quality problems in 2008 and 2009; this included several events of high total dissolved solids 
(TDS) in the Monongahela River in the summer of 2008, exceeding the secondary drinking 
water standard, and a fish kill in Dunkard Creek in September of 2009 (WVWRI, 2015).  The 
United States Geological Survey (USGS) and the West Virginia Water Research Institute 
(WVWRI) funded the startup of this new program.  At the beginning, biweekly water samples 
were collected at four mainstem sites and at the mouth of 12 major tributaries of the 
Monongahela in Pennsylvania and West Virginia.  With a successful model, in 2012 the 
WVWRI requested funding for the continuation and expansion of the program, now to be known 
as 3 Rivers QUEST.  The expansion sought to establish routine sampling through adding 
research partners and outreach to citizen-based groups to monitor the water quality.  The 
program has been funded by the Colcom Foundation since 2013.  The Colcom Foundation has a 
primary mission to foster a sustainable environment by addressing the major causes of pollution 
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and the consequences that are associated with overpopulation and its adverse effects on our 
natural resources; they support conservation and environmental projects regionally (more 
information can be retrieved from colcomfdn.org).   Their financial support allowed the 3RQ 
program to establish an organized collection of water quality data throughout the Upper Ohio 
River Basin.  In 2013, new partners at Duquesne University, Wheeling Jesuit University, and the 
Iron Furnace Chapter of Trout Unlimited started sampling at new locations in the Ohio and 
Allegheny watersheds.   
Today, the program monitors rivers, tributaries, and headwater streams that drain an area 
of over 25,000 square miles in five states centered around the three rivers of Pittsburgh: the 
Monongahela, the Allegheny, and the Ohio.  The program produces data that pertains to the 
overall health of our local rivers and streams.  3RQ continues to work with established partners 
in the Ohio and Allegheny regions.  The program plans to maintain monitoring stations 
throughout the Ohio River Basin, initiate target studies, establish regional REACH (Research 
Enhancing Awareness via Community Hydrology) coordination, and to continue to host the 
conferences to share results and coordinate efforts.     
The Allegheny River is 325 miles long and has a drainage area of over 11,600 mi2.  For 
3RQ, the Allegheny River is split into two sections.  The Upper Allegheny is managed by Bruce 
Dickson of Redhorse Environmental Consulting in conjunction with the Iron Furnace Chapter of 
Trout Unlimited (PA), while the Lower Allegheny is managed by Duquesne University’s Center 
for Environmental Research and Education (3RQ, 2016).  The Upper Allegheny region, 
upstream of the Clarion River, includes sampling of the Conewango, French, and Middle Creek, 
as well as the Clarion River and the Allegheny River in Tionesta and Clarion.  The Lower 
Allegheny, below the Clarion River, includes 10 tributary sites divided between Redbank, 
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Mahoning, Buffalo, Deer, Pine, Blacklick, and Loyalhanna Creeks, the Kiskiminetas and 
Conemaugh Rivers, with an additional 5 sites on the Allegheny River (3RQ, 2016).   
The Monongahela River flows northward from North-central West Virginia through 
southwestern PA to meet with the Allegheny River and is 128 miles long with a drainage area of 
7,340 mi2 (3RQ, 2016).  The Monongahela is still monitored by the West Virginia Water 
Research Institute at West Virginia University.  Monitoring sites include Cheat, Lower 
Monongahela, Tygart Valley, Upper Monongahela, West Fork, and the Youghiogheny Rivers 
(3RQ, 2016).  One of the major accomplishments of the program has been the delisting of the 
Monongahela River for sulfate contamination by the PADEP in late 2014 (Ziemkiewicz and 
O’Neal, 2015).   
At the convergence of the Allegheny and the Monongahela Rivers, the Ohio River is 
formed.  The Ohio River is 981 miles long and flows to the Mississippi River at Cairo, Illinois 
(Ohio River Foundation, 2016).  The Upper Ohio River Basin is sampled by Wheeling Jesuit.   
Samples are collected from the Upper Ohio River, as well as its tributary sites on the Wheeling, 
Connoquenessing, Shenango, Mahoning, Beaver, Little Muskigum, and Little Kanawha streams 
(3RQ, 2016).   
 3 Rivers QUEST has continued biweekly monitoring of all three River systems from 
January, 2013 to June, 2015, at which time sampling switched to monthly intervals.  There are 12 
sampling stations in the Upper Ohio River Basin, 14 in the Lower Allegheny River basin, and 16 
in the Monongahela River basin, for a total of 42 continuous monitoring sites (Ziemkiewicz and 
O’Neal, 2015).  On top of this, there are over 300 sites with field measurements, continuous data 
loggers, and or grab samples for total dissolved solids (TDS) chemistry.  The Upper Allegheny is 
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sampled using continuous data loggers and periodic grab samples.  In March of 2015, over 3,800 
samples had been collected, and the number has continued to grow (Ziemkiewicz and O’Neal, 
2015).   
 Continuous monitoring throughout the Ohio River basin has proven to provide valuable 
data on baseline conditions, as well as evaluating the success of regulatory and non-regulatory 
efforts towards healthier waterways.  The frequent monitoring system applied by 3RQ provides 
an opportunity to collect a significant amount of detailed and uniform chemical information for 
an entire region, which is not found through other monitoring programs (Ziemkiewicz and 
O’Neal, 2015).  
1.2 Data Produced by 3 Rivers QUEST 
Chemical monitoring has proven to be an important component of evaluating water 
quality.  The 3RQ program focuses on total dissolved solid (TDS) chemistry, which is an 
indicator of overall water quality (WVWRI, 2015).  During sampling, both a filtered and 
unfiltered sample are collected at each site.  Samples are kept on ice and sent, accompanied by a 
chain of custody form, to a certified lab, Pace Analytical, for analysis.  All results are reported to 
the 3RQ database.  Monitoring of TDS on a routine basis provides researchers, agencies, 
industries, and citizens critical information regarding the health of the water. Data collected 
through 3RQ is reviewed regularly by the managers of drinking water facilities and compared to 
their own internal analytical data (Ziemkiewicz, 2013).  The analysis of grab samples for the 
constituents of TDS provides the researchers with the information needed to determine the 
sources of TDS within each stream.  With the current and historic coal mining in the area, the use 
of road salt, and the recent expansion of the Marcellus gas extraction industry, the rivers are 
suffering from high additions of TDS (Penn State, 2009; WVWRI, 2015).    
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Due to these contributing factors, the 3RQ program has focused on sampling the 
following parameters: pH, acidity, alkalinity, temperature, conductivity, total dissolved solids, 
sulfate, aluminum, bromide, calcium, chloride, iron, magnesium, manganese, sodium and 
strontium.  Each parameter has specific sources and pollution implications within a stream.   
1.2.1 pH 
 Measuring the pH of a stream calculates the acid balance of a solution, indicated by the 
hydrogen ions present (Chapman, 1996; USGS, 2016).  A logarithmic scale, pH ranges from 0 to 
14, with 0 being the most acidic and 14 being the most basic, or alkaline, and 7 being the neutral 
and preferred pH.  The pH in a freshwater stream typically ranges between 6 and 8.5 standard 
units (Chapman, 1996; USGS, 2016).  The pH is measured in the field using a portable YSI 
multiprobe and in the lab in 2013 using EPA method 150.1.  The EPA has a suggested secondary 
drinking water standard (SDWS) for pH between 6.5 and 8.5 (EPA, 2016).   
The pH is significant because it influences many of the biological and chemical processes 
within a water body (Chapman, 1996).  Most organisms have a certain range of pH that they can 
tolerate and an ideal pH that is preferable for reproduction; therefore, the pH of a stream can 
limit the types and species of organisms that can live there.  A pH below 5 can start to affect fish 
reproduction and at a pH below 4, adult fish begin to die (USGS, 2016).  pH also has 
implications for human uses (USGS, 2016; 3RQ, 2016).  An acidic pH can cause corrosion of 
pipes, as well as increasing the metal concentrations in the surface water.  An alkaline pH can 
cause scale buildup in fixtures, bad taste, and reduce the effectiveness of chlorine disinfection, as 
well as increasing the metal concentrations in the stream sediment (EPA, 2016).  The effects of 
high pH can also decrease the effectiveness of the infection of chlorine, requiring addition input 
for proper treatment (USGS, 2016).  Values of pH in surface water outside of the acceptable 
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range can indicate human impacts, such as agricultural runoff, mining, or infiltration of untreated 
wastewater (Blumberg and Cunningham, 1982; PAFBC, 2016; Koryak, et al., 2004; USGS, 
2016).   
1.2.2 Acidity 
 Acidity, indicated by low pH values, is also an important measure within a stream.  While 
pH can be measured in the field, acidity is measured in the lab using EPA method 305.2.  Acidity 
typically ranges from 0 to 1000 mg/L of hydrogen ions (USGS, 2016; 3RQ, 2016).  
High acidity values in surface water may come from several different sources, such as 
mining and acid precipitation.  Acid precipitation can cause dissolution of aluminum in soils 
with poor buffering capacity and, in turn, causes acidity to increase in surface water as soil 
runoff enters the stream.  As acidity increases in the stream, dissolved metal concentrations 
increase, which in turn causes more problems in the river (USGS, 2016; EPA, 2006; 3RQ, 2016).   
1.2.3 Alkalinity 
 High pH levels indicate an alkaline environment with a greater neutralizing capacity.  
Alkalinity is the total measure of the substances in the water with acid-neutralizing ability and 
indicates the solution’s power to react with acid and buffer the pH (Chapman, 1996; EPA, 2006).    
For 3RQ, alkalinity was measured in 2013 only.  Alkalinity typically ranges from 30-90 mg/L of 
CaCO3 and is measured with the EPA method SM-2320B (EPA, 2006).  Small to moderate 
amounts of alkalinity in water is important for the well-being of organisms that live in the water 
body (EPA, 2006; USGS, 2016; 3RQ, 2016).  In this region, it is also important because it makes 
water less vulnerable to acid rain and AMD.  Although some alkalinity is good, high alkalinity 
can be toxic to wildlife.  High alkalinity also impacts human activities, causing scale buildup on 
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fixtures, bad taste, and reducing the effectiveness of chlorine disinfection (USGS, 2016; EPA, 
2006; 3RQ, 2016).   
1.2.4 Temperature 
 Water bodies undergo seasonal and climactic temperature variations.  The temperature of 
a stream affects the physical, chemical, and biological processes (Chapman, 1996).  The 
temperature of a stream has a large impact on the presence and biological activity of aquatic 
organisms.  All organisms have an ideal temperature range and if the water gets too far above or 
below, the biological community can become stressed and may have difficulty maintaining 
stable populations (Chapman, 1996).  On top of this, temperature also influences the water 
chemistry.  The rate of chemical reactions increases with temperature, which in turn affects the 
biological activity.  Alternatively, temperature has an inverse relationship with dissolved oxygen; 
colder water has a higher oxygen content than warm waters (Chapman, 1996).  Water 
temperature typically ranges between 0 and 30 centigrade (Chapman, 1996).  Temperature is 
measured in the field with a YSI multiparameter probe.   
Temperature is affected by many factors and can be affected by human activity.  Water 
temperature is naturally affected by season, air temperature, sunlight, riparian vegetation, and the 
suspended solid content of the water, as well as many other factors (Johnson, 2004 and USGS, 
2016).  Human activities are influencing many of these factors; in turn, temperature is increasing 
as a result of land use (Johnson, 2004).  The increase in impervious surfaces, such as parking 
lots, increases the runoff into the stream; as water sits on a parking lot in the sun all day, it heats 
up and then runs off into the stream where it raises the temperature (USGS, 2016).  Coal power 
plants, a significant energy source of thermal pollution in the Pittsburgh area, take in water to 
cool the equipment, which heats up the water that is then discharged back into the stream.  Dams 
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and impoundments can also alter the temperature regime in certain seasons (USGS, 2016).  
Dams create a pool, which allows water on top to increase in temperature, while water below 
remains the same, creating stratified layers.  The dam then releases the heated water from the 
top, impacting the temperature downstream (Caissie, 2006; Sinokrot et al., 1995).  Organisms in 
an environment are evolved to best survive that habitat, it is when these environmental changes 
occur, either by natural or human induced events, that there starts to become an issue (USGS, 
2016).   
1.2.5 Total Dissolved Solids 
 Total dissolved solids (TDS) are often used as a general indicator of water quality.  Total 
dissolved solids measure the organic and inorganic compounds dissolved in the water.  TDS has 
a general range from 0-1000 mg/L and can be measured in the lab using SM 2540C or can be 
estimated from the field measurement for specific conductance with a YSI mutiprobe (3RQ, 
2016).   
 High levels of TDS can be caused by several factors including sedimentation, mining, 
road salt, natural gas extraction, and stormwater runoff (Kaushal, et al., 2005; Vengosh, et al., 
2014; Wilson, 2013).  Since TDS has many sources and is made up of many constituents, 
including salts, organic matter, minerals, etc, it cannot be used to distinguish between sources 
(Penn State, 2009); rather it can indicate that there is a water quality problem.  Increased TDS 
may cause bad odor or taste in drinking water, as well as causing scaling of pipes or corrosion 
(EPA, 2016; Penn State, 2009).  The suggested secondary drinking water standard for TDS is 
500 mg/L, due to the hardness, deposits, color, staining, and salty taste that can occur over this 
concentration (EPA, 2016).   
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1.2.6 Total Suspended Solids 
 Total suspended solids (TSS) is a measurement of the turbidity in the water. TSS usually 
consists of silt, clay, fine organic and inorganic particles, soluble organic compounds, as well as 
plankton and microscopic organisms (Chapman, 1996).  The typical range of TSS is from 0 to 
1700 mg/L, with an average of 150 mg/L (Chapman, 1996) and is measured in the lab with SM-
2540D (3RQ, 2016).   TSS was only measured by 3RQ in 2013.  High levels of TSS are caused 
by urban runoff, soil erosion, wastewater discharges, agriculture, and removal of riparian zone 
(USGS, 2016; Brantley, et al., 2014).  Increased levels of TSS can darken the water, leaving less 
light for photosynthesis, decrease the oxygen level, raise the temperature, suffocates benthic 
macroinvertebrates and fish eggs, and extreme levels can clog the gills of fish (3RQ, 2016).   
1.2.7 Aluminum  
 Aluminum is the third most common element on earth.  In typical surface water, 
dissolved metals, such as aluminum, only occur in trace levels from weathering rocks and soils 
(Chapman, 1996).   It is measured in the lab using EPA method 6010B (3RQ, 2016).  Although 
aluminum is not very soluble in water in most forms, when pH is low, such as in streams 
associated with AMD, the stream may contain a large amount of dissolved aluminum due to 
dissolution of aluminum-containing minerals within the local geology.  When aluminum 
precipitates within the water column, it forms aluminum hydroxide, which can be very harmful 
to aquatic life; as it precipitates, it can smother the streambed and clog the gills of aquatic 
organisms (Sams and Beer, 2000; PAFBC, 2016).  The secondary drinking water standard for 
aluminum is 0.05 mg/L due to the change in color it can cause in the water (EPA, 2016).   
1.2.8 Bromide 
   A halogen, bromide (Br) occurs in surface water at naturally very low concentrations.  
Bromide is measured in the lab using EPA method 300.0.  Dissolved bromide comes from 
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several sources, including surrounding geology, fluids in gas well drilling, seawater infiltration, 
and industrial waste (Hammer, et al., 2012; Warner, et al., 2013; Weaver, et al., 2016; Flury and 
Papritz, 1993).  Elevated levels of dissolved Br may interfere with water treatment, creating the 
disinfection byproduct trihalomethanes, which pose potential cancer risk to humans and wildlife 
(Cyprych, et al., 2013; Handke, 2009; Vengosh, et al., 2014). There is not a secondary drinking 
water standard for bromide as it itself is not harmful.  There is however an enforced primary 
standard for bromate and total trihalomethanes.  The maximum contaminant level for bromate is 
0.010 mg/L and for total trihalomethanes it is 0.080 mg/L (EPA, 2016), which 3RQ researchers 
have agree to use as a reference standard for bromide, although bromide concentrations to 
bromate concentrations are not a one to one ratio.   
1.2.9 Calcium  
 Calcium is found naturally in water due to its abundance in the Earth’s crust.  In surface 
water, calcium levels are typically below 15 mg/L, with a range of 2 to 50 mg/L (Chapman, 
1996).  Calcium is analyzed in the lab by EPA method 6010B.  High levels of calcium mean the 
water is hard, which buffers aquatic life from pH changes, preventing direct metal uptake.  Too 
high of levels can cause hardening of pipes and staining (EPA, 2016).   Elevated calcium levels 
can be contributed by road salt and wastewater from natural gas extraction (Heisig, 2000; Kelly, 
et al., 2008; Barbot, et al., 2013; Penn State, 2016; Wilson and VanBriesen, 2012).  There is not 
a SDWS for calcium.   
1.2.10 Chloride 
 Chloride is a common anion in freshwater, but typically occurs in pristine freshwater 
systems below 10 mg/L, with a range from 0.6 to 25 mg/L (Chapman, 1996).  Chloride is 
measured in the lab using EPA method 300.  Chloride is a large component of salt and is 
common in many human activities.  As a mobile ion, chloride is not removed by chemical or 
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biological processes in the soil or groundwater, which increases the concentrations that occur 
within streams (Chapman, 1996).  Slight increases in chloride can affect an ecosystem, but most 
fish and large aquatic organisms are not directly affected until concentrations reach 800 mg/L or 
more, which interferes with regulated uptake of salt (Stromberg, 2014).  Increased levels of 
chloride above natural background amounts can indicate impacts from humans (EPA, 2016).  
Chloride levels in surface water are related to road salt, natural gas extraction, and sewage 
(Kaushal, et al., 2005; Corsi, et al., 2010; Thomas, 2000; Kelly, et al., 2008; Evans and 
Kiesecker, 2014; Olmstead, et al., 2013).  The EPA has a recently established secondary 
drinking water standard of 250 mg/L for chloride, due to the salty taste associated with levels 
above this (EPA, 2016).   
1.2.11 Iron 
 Iron is the most abundant metal in the Earth’s core.  Iron occurs in the environment in a 
large range of compounds with differing oxidation states.  Its presence is important to humans 
and other organisms as it is partially responsible for the transportation of oxygen through the 
bloodstream (3RQ, 2016).  Iron is easily dissolved in water and can be found naturally occurring 
in water bodies with a normal range of 0 to 20 mg/L.  Though low levels of iron are necessary 
for life, high levels of precipitated iron oxides can cause smothering of the streambed or can clog 
the gills of organisms.  Iron levels in water are measured using EPA method 6010B (3RQ, 2016).  
The EPA has a suggested secondary drinking water standard of 0.3 mg/L.  Higher levels of iron 
can cause a rusty color, sediment, and a metallic taste in drinking water (EPA, 2016).  Iron is 
introduced into streams through abandoned mine drainage.  The AMD forms an iron oxide 
precipitate that covers the stream bed with orange and yellow-brown sediment, which can clog 
the gills of fish and smother benthic invertebrates (Sams and Beer, 2000; Koryak, et al., 2004).   
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1.2.12 Magnesium 
 Magnesium is found in large concentrations in the Earth’s crust and the human body, as it 
is an essential element for living organisms.  It is highly soluble and the third most abundant 
element in seawater.  Magnesium is common in natural waters and arises primarily from the 
weathering of rocks (Chapman, 1996).   Concentrations in freshwater vary according to the 
underlying geology, with a typical range between 1-100 mg/L.  Magnesium concentrations, like 
calcium, are used to determine water hardness. High concentrations can cause similar problems 
with staining and hardening of pipes and fixtures (Chapman, 1996).  The magnesium 
concentration is calculated using EPA method 6010B (3RQ, 2016).    Human sources of 
magnesium can include road salt, where magnesium chloride is applied, as well as natural gas 
extraction activities (Heisig, 2000; Kelly, et al., 2008; Barbot, et al., 2013; Wilson and 
VanBriesen, 2012), but these contribute relatively little to the total magnesium in surface water 
(Chapman, 1996).   
1.2.13 Manganese 
 An essential nutrient for most organisms, manganese is commonly found in the soil in its 
oxidized form (pyrolusite).  Manganese is soluble in water and typically occurs in a range 
between 0 and 20 mg/L.  It is measured using the EPA method 6010B (3RQ, 2016).  Large 
concentrations cause problems for aquatic life and bioaccumulation can cause unhealthy levels 
for top predators.  High concentrations also pose health risks to humans, such as Parkinson’s 
disease and bronchitis (3RQ, 2016).  The secondary drinking water standard for manganese is 
0.05 mg/L due to the bitter taste, black or brown color, and black staining it can cause at higher 
concentrations.   
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1.2.14 Sodium 
 Sodium is a common element in rocks and soil.  It is an essential element needed for all 
life forms to aid in the transmission of nerve impulses.  Sodium is found naturally in freshwater 
bodies and is highly soluble in water.  Concentrations vary greatly, depending on the surrounding 
geology and soil (Chapman, 1996).  It typically ranges from 0-20 mg/L in rivers (EPA, 2002).   
Sodium is often used as a treatment to adjust the pH of drinking water through water softening, 
but, although it is essential to life, too much can raise the pH to a point that is too high for certain 
organisms, (EPA, 2002).  Increased sodium can come from sewage, industrial effluent, road salt, 
and natural gas extraction (EPA, 2002; Chapman, 1996; Kelly, et al., 2008).  Sodium is 
measured using EPA method 6010 B.   
1.2.15 Strontium 
 Strontium is a naturally occurring element, although in freshwater it generally occurs in 
trace amounts (1 ppm or less) (Skougstadt and Horr, 1960; ASTDR, 2004).  Strontium can exist 
as a stable mineral or as a radioactive isotope, of which the most hazardous is strontium ninety 
(90Sr) (ASTDR, 2004).  Strontium ninety has limited use and is considered a waste product.  In 
water, most forms of stable or radioactive strontium are dissolved.  Only very small parts of 
strontium are found in water and usually come from strontium in rocks and from settling out of 
the air; most strontium measured in the U.S. water by the EPA is less than one milligram per 
every liter (mg/L) (ASTDR, 2004).  Drinking water is one of the largest methods of exposure to 
strontium for humans.  There is no information about whether stable strontium affects human 
health, however, radioactive strontium can cause radiation damage and cancer within the body, 
creating a public health hazard (ASTDR, 2004; Skougstadt and Horr, 1960).  Increased levels of 
strontium are input from some brine waters, such as Marcellus produced water (Wilson, 2013; 
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Barbot, et al., 2013; Chapman, et al., 2012).  Strontium is measured in the lab using EPA method 
6010B.   
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CHAPTER 2: INTRODUCTION TO WATER QUALITY ISSUES IN THE 
PITTSBURGH REGION 
2.1 History of Pittsburgh 
Pittsburg is a smoky, dismal city at her best.  At her worst, nothing darker, 
dingier or more dispiriting can be imagined; the smoke from her dwellings, 
stores, factories, foundries, and steamboats, uniting, settling in a cloud over the 
narrow valley in which she is built, until the very sun looks coppery through 
the sooty haze.   
- Willard Glazier, 1884 
 
 
 The City of Pittsburgh, Pennsylvania was established in the Allegheny Mountains, on an 
uplifted plateau surrounded by an extensive river and stream network.  The greatest mineral 
resource in the region was bituminous coal, with some natural gas and petroleum deposits as well 
(Tarr, 2002).  There were five major coal seams in the region, with the Pittsburgh seam being the 
most significant coal bed in the Allegheny River Basin.  The availability of coal fueled the 
industrial revolution in the 1800s and helped make Pittsburgh one of the wealthiest cities in the 
US at the time (Sams and Beer, 2000).  Throughout the 20th century, Pittsburgh was heavily 
industrialized, quickly becoming known for its specialization in the coal, iron, and steel 
industries.  The industrial environment in the city rapidly replaced the natural environment as 
coal, iron, and steel mills lined the rivers, which provided cheap transportation and wastewater 
disposal (Tarr, 2003).    The superior river and rail transportation gave the city a competitive 
advantage to the industries in the area and it was not long until the rivers were thought of as an 
appendage to the steel industry (Lubuve, 1996).  The production of coal peaked in 1918 with 177 
million tons produced in the height of World War I.  In the 1920s, coal supplied 80 percent of the 
total fuel in the United States (WPC, 1980).   
 The mining of coal in western Pennsylvania and the iron and steel manufacturing in 
Pittsburgh provided thousands of jobs for immigrants, creating a boom in the population.  With 
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the industrialization and urban growth, an increase in the release of toxic chemicals, effluent, 
stormwater, and acid mine drainage plagued the city (WPC, 1980).  Throughout the 1800s, raw 
sewage was discharged into the rivers, which created a plethora of human health problems for 
hundreds of thousands of people reliant on the rivers for water.  It was not until the early 1900s 
that a combined sewer system was constructed, which greatly decreased the death rates due to 
typhoid fever (Tarr, 2002).  This antiquated system is still currently in place and get overloaded 
during heavy rain events, causing raw sewage to be released into the rivers.   
 Abandoned mine drainage (AMD), as a result of coal mining, has had widespread effects 
on the water quality in the Allegheny Basin since the 1800s.  Discharge from deep-mine 
openings and surface-mine seeps results in elevated acidity, iron, manganese, aluminum, and 
sulfate in the rivers (Sams and Beer, 2000).  The lower buffering capacity of the streams in the 
region could not neutralize the acid load.  The results were streams running orange or covered 
with orange and yellow-brown iron oxide or white aluminum precipitate (Sams and Beer, 2000).  
The precipitate smothered the streambed, clogged gills, and was directly toxic from ingestion of 
metals, creating many issues for wildlife.  Fish kills were first reported in the Allegheny River as 
early as 1906, below its confluence with the Kiskiminetas River (Lewis, 1906).    
The increasing amounts of untreated sewage and industrial waste flowing into the rivers 
consumed oxygen, destroyed fish and plant life, and transformed the once beautiful rivers into 
open sewers rather than natural water bodies (Tarr, 2003).  In the 1950s, the severely degraded 
water quality continued to stimulate large fish kills, and only a small number of fish species 
remained.  As the population in Pittsburgh peaked in the 1950s at 676,000 (twice the current city 
population), the industrial use and sewage affected the residents’ ability to use the rivers and the 
drinking water was tainted (Tarr, 2003).   
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  The Great Depression in the 1930’s began a trend of declining coal production, allowing 
the development of competing energy sources such as fuel oil, natural gas, and nuclear power 
(Sams and Beer, 2000).  At this time, mines started to be sealed in attempt to prevent AMD, 
which did improve water quality in some streams (Sams and Beer, 2000).  The 1960s brought a 
second industrial revolution (Lubove, 1996), which resulted in a resurgence of coal in PA in 
1974.  The resurgence of coal was only short lived, as strict environmental laws were passed to 
control it: the Surface Mining Control and Reclamation Act of 1977 (SMCRA) (PA Coal 
Association, 1994; Sams and Beer, 2000).  The SMCRA required operators and state regulatory 
authorities to evaluate possible consequences of the mining operations and develop processes to 
reduce AMD chemical reactions (Sams and Beer, 2000).  The passing of the Clean Water Act in 
1972 correspondingly worked to control the major sources of water contamination, also 
including the regulation of industrial effluents (Smith, et al., 1991).  In 1995, Pennsylvania was 
still the fourth largest coal producer in the US, but the use of coal had greatly decreased (Sams 
and Beer, 2000).    
 Over the past 30 years, the Allegheny River System’s water quality has steadily improved 
due to regulations.  There have been great declines in acidity, resulting in increases in pH and 
alkalinity (Koryak, et al., 2004), but AMD still remains a problem within the basin (Sams and 
Beer, 2000).  During this time, Pittsburgh has been reoriented to accommodate recreational and 
social use of the rivers (Lubove, 1996).  There has been a great improvement in the water quality 
as an increase in species and fish diversity has further encouraged improvements (Tarr, 2002).  
The water today is much cleaner than in the last century, but the improvements need to continue 
(Tarr, 2003).  The cost to clean all remaining abandoned mine sites in PA is estimated at $5 
 18 
billion, suggesting that Pittsburgh is still plagued by over 200 years of coal mining and its 
industrial history (Sams and Beer, 2000).   
2.2 The Allegheny River and its Tributaries 
 Stretching over 295 miles long from lower New York State to Pittsburgh, PA (Sams and 
Beer, 2000) (Figure 2- 1), the Allegheny River is an important ecosystem that in itself is diverse.   
Most of the bedrock in Pennsylvania, which underlies the majority of the Allegheny, is 286 to 
320 million years old and consists of cyclic sequences of sandstone, shale, conglomerate clay, 
coal, and limestone (DCNR, 2005).   
  The Upper Allegheny Region is heavily forested and includes 500,000 acres of the 
Allegheny National Forest (WPC, 2016).  This stretch of the Allegheny includes many important 
tributaries, such as French Creek, Tionesta Creek, and the Clarion River.  This area retains much 
of its riparian resources, with outstanding floodplain forests, maintaining habitat for globally 
significant freshwater mussel communities, rich and productive cold and warm water fisheries, 
and unique creatures such as the Eastern Hellbender.  French Creek is considered one of the most 
biologically diverse medium-sized rivers in the Northeastern US hosting many threatened and 
endangered species (WPC, 2016).    
 In the lower Allegheny River basin, certain reaches and particular tributaries also 
represent ecosystems of high quality, while other segments are ecologically degraded (WPC, 
2016).    This stretch has not received equal attention regarding the health of the aquatic life, 
habitats, and key aspects of ecosystem sustainability; the discontinuity of biological diversity and 
ecosystem health presents challenges to the viability of the entire river system (WPC, 2016).  As 
a system, any part of the Allegheny, and even the Ohio River that follows, is greatly influenced 
by thousands of miles of tributary watersheds that combine to influence the mainstem (WPC,  
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Figure 2- 1: Map of the Allegheny River and its Watershed in Pennsylvania.   
 
 20 
2016).  The major tributaries in the Lower Allegheny include Mahoning Creek, Redbank Creek, 
Buffalo Creek, Pine Creek, Deer Creek, and the Kiskiminetas River system, which includes the 
Kiskiminetas River, the Conemaugh River, Loyalhanna Creek, and Blacklick Creek (Sams and 
Beer, 2000).   
The lower Allegheny River and its tributaries have become an integral part of society, 
culture, and economics in Western Pennsylvania (WPC, 2016).    Over one million people are 
dependent on water drawn from the lower Allegheny River (Koryak, et al., 2004).  The lower 72 
miles of the river are completely navigable to commercial traffic, due to a series of nine locks 
and dams put into place by the US Army Corps of Engineers.  The lock and dam series provides 
year-round pools and a navigational channel that maintains a minimum depth of nine feet 
(DCNR, 2005).  The lower tributaries also emanate from the more intensely worked landscape of 
the Pittsburgh Plateau region.  Land use has great impacts on the quality of a stream; in this area, 
urban development, mining facilities, industrial plants, and oil and natural gas extraction have 
spread across the landscape (DCNR, 2005).   
There are many sources of pollution that affect the water quality of the Allegheny and its 
tributaries, including both point sources and non-point sources (DCNR, 2005).  Point sources are 
those which are regulated by the type and amount of pollution entering the waterways.  Point 
sources must have a proper permit to discharge waste into a stream, and regulation helps to 
prevent water quality degradation (DCNR, 2005).  Point sources in this area include industrial 
facilities and wastewater treatment plants, active mining operations, and Publically Owned 
Treatment Works (POTWs).  These facilities must meet stringent effluent limits and are 
responsible for monitoring and reporting to the PADEP (DCNR, 2005).  Since effluents from 
point sources are well controlled, they should be less of an issue for water quality degradation.  
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Non-point sources, on the other hand, are more difficult to control than point sources and do not 
have an easily identifiable source, making them difficult to regulate (DCNR, 2005).  Despite the 
difficulties, there are still efforts throughout the Commonwealth to prevent and control non-point 
sources, such as non-point source management programs.  Common non-point source pollution 
in this area include AMD, agricultural runoff, urban runoff, road salt runoff, illegal land disposal, 
and construction (DCNR, 2005).   
 Efforts to maintain and improve water quality include the passage of the Clean Water Act 
in 1972 (CWA), as well as its amendments in 1977, 1979, 1980, 1981, 1983, and 1987.  The 
CWA controls all point sources into a stream (Smith, et al., 1991).  The water quality of the 
Allegheny has greatly improved since the passage of the CWA, but since then, there have been 
major changes in the sources of water contaminants and the efforts to control them.  Population 
distribution, land use, industrial activities, agricultural practices, and pollution-control strategies 
have changed significantly and have had an influence on the water quality in the area (Smith, et 
al., 1991).    
2.3 Legacy Pollution Problem- Abandoned Mine Drainage 
 Coal was once one of the most valuable mineral deposits in the world for its use in the 
iron and steel industry (Edmunds and Koppe, 1968).  A mineral component of the soil, coal is 
composed of organic matter from decomposed plants and animals (Blumberg and Cunningham, 
1982).  There are 49 accessible coal seams in Pennsylvania, of which 25 have been mined.  
Western Pennsylvania contains five major coal seems, which have accounted for 75% of the 
regions bituminous coal output; this includes the Upper and Lower Freeport seams, the Upper 
and Lower Kittanning seams, and the Pittsburgh seam (Koryak, et al., 2004), of which the 
Pittsburgh seam was the most significant (Edmunds and Koppe, 1968).  The availability of coal 
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played a major role in the industrial revolution for Pittsburgh, helping to make it one the 
wealthiest cities at the time (Sams and Beer, 2000).   
 The coal industry boomed in Western Pennsylvania since the industrial revolution.  One 
of the major practices associated with coal was strip mining, which removes all the rock and soil 
material above the coal.  Once depleted, the mines were backfilled with crushed rock, called 
mine spoil (Blumberg and Cunningham, 1982).  Since the surface soil was gone, nearly nothing 
grows on mine spoil, leaving barren wastelands, which erode and clog streams with sediment.  
Strip mining has disturbed more acreage in Pennsylvania than in any other state (Blumberg and 
Cunningham, 1982).   
 With over 200 years of coal mining history in the region, there are now 2,537 active coal 
mines in the Allegheny River Basin, while another 910 have been abandoned (Sams and Beer, 
2000) (Figure 2- 2).  With such a rich history of coal mining also comes its associated problems.  
Abandoned mine drainage (AMD) occurs when water enters abandoned coal mines or runs off of 
mine lands where minerals have been exposed.  The water reacts with iron pyrite (FeS2, Equation 
1) in the coal (detailed below) and surrounding rock, forming acids, and dissolves other minerals 
exposed, such as iron and manganese (Brouwer, 2002; Toler, 1982), which are then transported 
into streams (PAFBC, 2016).  The toxic drainage takes a toll on the aquatic life in a stream 
(Landers, 2013).  AMD is the most pervasive water pollution problem in Appalachia (Koryak, et 
al., 2004).  AMD pollutes almost half of Pennsylvania’s impaired streams (PAFBC, 2016).  It is 
estimated that 12,000 miles of streams in the Appalachian basin are impacted by AMD (Koryak, 
et al., 2004), while 2,390 miles of streams in the Allegheny and Monongahela basins have been 
degraded by AMD to the point of not being able to support fish communities (EPA, 1995).   
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Figure 2- 2: Active and Abandoned Mines in Pennsylvania.  Points indicate center of a 
single mine operation.  Data from PASDA.   
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 Abandoned mine drainage from deep-mine openings and surface mine seeps results in 
elevated concentrations of acidity, iron, manganese, aluminum, and sulfate in receiving streams 
and rivers (Sams and Beer, 2000).  AMD results from the formation of sulfuric acid during the 
oxidation of iron sulfide minerals, such as pyrite (FeS2, Equation 1).  Pyrite is commonly found 
in the coal seam, shale, and sandstone layers adjacent to the coal bed; during mining, it is 
exposed to air and water, which results in its oxidation to form ferrous sulfate and sulfuric acid.  
The following Equations show the generally accepted reaction of pyrite (U.S. Office of Surface 
Mining, 1998): 
2FeS2 + 7 O2 + 2H2O  2 Fe2+ +4SO4 2- + 4H+      (Equation 1) 
4Fe2+ + O2 + 4H
+  4Fe3+ + 2H2O     (Equation 2) 
4 Fe3+ + 12 H2O  4 Fe(OH)3 +12H+   (Equation 3) 
FeS2 + 14 Fe
3+ + 8H2O  15 Fe2+ + 2SO42- +16H+  (Equation 4) 
 
The AMD chemical reaction produces elevated concentrations of the insoluble precipitate, ferric 
hydroxide (Fe(OH)3, Equation 3), and dissolved sulfate (SO4)
2- and protons (H+) (Sams and 
Beer, 2000).  There is also a secondary reaction of the sulfuric acid with compounds in adjacent 
rocks or mine spoil that can produce high concentrations of aluminum, manganese, zinc, and 
other constituents in the mine drainage (Tolar, 1982; Sams and Beer, 2000).   
 There are three phases of the AMD pollution process.  The first is the initiation phase, 
which begins as soon as the pyrite material is exposed.  The acid production in the initiation 
phase is relatively small (Ziemkiewicz and Meek, 1994).  The second phase is propagation, 
which has the greatest acid production.  Finally, the termination phase occurs and the acid 
production gradually declines.  The exact timing of each phase is unknown, but ranges between 
years and decades.  It has been predicted that acid production peaks 5 to 10 years after mining 
occurs, followed by a gradual decline over 20 to 40 years, indicating a long period of impact, and 
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illustrating why this is such an important legacy issue in this region (Ziemkiewicz and Meek, 
1994).  Concentrations of sulfate, acidity, and metals should decrease over time and eventually 
return to levels noted in unmined basins (Sams and Beer, 2000). 
 Streams impacted by AMD generally have high concentrations of acidity, iron, 
manganese, aluminum, and sulfate.  The most immediate effect of AMD is lowering the pH, 
which stresses the entire ecosystem.  Small amounts of the associated metals, such as aluminum, 
can also stress fish and insects and even cause death, which is especially a concern for young and 
developing fish (PAFBC, 2016).  AMD impacted streams typically have streambeds that are 
covered with orange or yellow-brown iron oxide or white aluminum oxide precipitates cause by 
large amounts of metals settling to the bottom (Sams and Beer, 2000; PAFBC, 2016)) (Figure 2- 
3).  This can cause depressed food supplies, gill clogging, or smothering by precipitates, or can 
be directly toxic to organisms if metals are ingested (Sams and Beer, 2000; Koryak, 1997).  
Precipitates can also eliminate the shelter available for spawning (PAFBC, 2016).  AMD also 
affects the human use of streams, affecting fisheries, aesthetics, and tourisms (Koryak, et al., 
2004).   
 Since 1977, mining has been regulated by the Surface Mining Control and Reclamation 
Act (SMCRA), which attempts to limit the environmental effects from coal mining (Sobek, et 
al., 1978).  With a greater understanding of mine-site hydrology and the factors affecting water 
quality, practices have been developed since the mid-1980s to handle the toxic overburden layers 
in a way that reduces the AMD chemical reaction (PADEP, 1998).  The advances in mining 
technology have resulted in a greater percentage of completed coal mines with acceptable post-
mining water quality; for permits issued from 1977 to 1984, 14.7 percent failed the post-mining 
water quality requirements, which dropped drastically to an average failure rate of 2.9 percent for 
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permits issued from 1985 to 1992 (PADEP, 1998).  Although new mines have been regulated 
since 1977, mine drainage from abandoned mines remains a major problem for streams and 
rivers in the Allegheny River Basin (PADEP, 1996).  Most mine drainage emanates from 
abandoned mines that were in operation prior to the modern mining regulations established by 
SMCRA (Sams and Beer, 2000; PAFBC, 2016).   
 Problems with AMD are more extensive in high sulfur bituminous coal fields, which 
encompass the Allegheny River Watershed (Koryak, et al., 2004) and abandoned coal mines, 
which are the greatest contributor to AMD, are scattered all over Pennsylvania (Brower, 2002).  
AMD has influenced all major tributaries entering the left descending bank downstream of the 
Allegheny’s confluence with the Clarion River, indicating that there are multiple sources of 
AMD entering the Allegheny River (Koryak, et al., 2004).  As far back as 1930, streams in the 
coal regions in PA have been identified as being extremely degraded by mine drainage to a point 
of interference with domestic and industrial use (Sams and Beer, 2000).  Even prior to this, as far 
back as 1906, large fish kills associated with AMD were reported in the Allegheny and 
Kiskiminetas Rivers (Lewis, 1906).   
Sulfate concentration trends have largely been used as an indicator of AMD, as it is a 
conservative compound and concentrations are usually low in unmined areas, making it a good 
indicator of both the occurrence and intensity of mine drainage (Sams and Beer, 2000; Hem, 
1985).  In 1980, the Kiskiminetas (Kiski) River system was measured to have some of the 
highest sulfate yields in Pennsylvania in tons per square mile (Sams and Beer, 2000).  The 
Kiskiminetas River system encompasses three of the major AMD contributors to the Allegheny 
River; Blacklick Creek, Conemaugh River, and Loyalhanna Creek in the Kiski system.  Along 
with Stonycreek River and Two Lick Creek, these systems accounted for 43% of the total sulfate 
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load in the Allegheny River at New Kensington in 1980, a very significant portion considering 
the multitude of sources (Sams and Beer, 2000).   
Fortunately, sulfate concentrations in the Loyalhanna Creek Basin have steadily been 
decreasing since the 1950s (Sams and Beer, 2000).  Since the passing of the SMCRA and the 
CWA, regulating new mines, there have been great improvements in all AMD associated 
parameters and the pH of many streams have recovered to tolerable levels (Koryak, 1997).  For 
abandoned sites, methods for treating exist, but are expensive because of the resulting sludge that 
must be disposed of (Landers, 2013).  There are three procedures available for eliminating the 
acid pollution from AMD, which include: (1) preventing the materials from being exposed to 
environmental weathering, (2) neutralizing the acid production with limestone material 
treatment, (3) eliminating the acid producing reaction cycle through reducing bacterial activity, 
which stimulates the reaction (Stiller, 1983).  Unfortunately, the cost to clean up the AMD 
problem from abandoned mine sites in PA alone is estimated to be around $5 billion and the 
estimated cost to reclaim all abandoned mine lands is $15 billion (PADEP, 1996), making it 
unlikely to be carried out in its entirety.   
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Figure 2- 3: Blacklick Creek in Josephine, PA, whose streambed is covered with an orange 
iron oxide precipitate from abandoned mine drainage pollution.  Taken 11/5/2014.   
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2.4 Legacy Pollution Problems- Road Salt Runoff 
 In the United States the use of roadway deicing agents is a common practice.  Applying 
road salt helps to make winter roads safer for vehicles to travel.  Eventually, the salt dissolves 
and washes off the roads and into the streams or soil and is forgotten (Jackson and 
Jobbagy,2005).  As the population grows, there is an increase in impervious surfaces and 
roadways to which salt is applied.  The increase in chloride concentrations that eventually 
washes into the streams from road salt is threatening the availability of freshwater in the 
Northeastern United States (Kaushal, et al., 2005). 
 The practice of using road salt began in the 1940s (Kelly, et al., 2008).  Its application 
increased rapidly until the 1970s, when it plateaued due to an increased environmental 
awareness, but began to increase again after the 1990s (Bubeck,et al., 1971; Jackson and 
Jobbagy, 2005).  Prior to 1941, the common practice was to apply chloride treated sand only to 
hills, curves and intersections, but by the late 1940s, the use of chloride salts become common 
(Bubeck,et al., 1971). Sodium chloride (NaCl) is the most common deicing agent used in North 
America (Kelly, et al., 2008).  The use of rock salt (NaCl) on U.S. roads has skyrocketed in the 
last 65 years.  In 1940, the sale of rock salt for highways in the U.S. was only 149,000 metric 
tons compared to today’s estimate at 18 million metric tons, which is over 100 times greater 
(Jackson and Jobbagy, 2005).  Increases in urbanization increased impervious surfaces, road 
density, and human population density, which are linked to an increase in the use of road salt 
(Rhodes, et al., 2001; Heisig, 2000; Smith, et al., 1987; Kelly, et al., 2008).  The increased urban 
development each year increases the surfaces to which winter deicing agents are applied (Corsi, 
2010).   It is estimated that more than 22 million tons of salt are scattered on the roads in the U.S. 
annually (Stromberg, 2014).   
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There are significant consequences to the widespread and increasing use of rock salt.    
Road salt runoff poses an increasing threat to aquatic ecosystems, particularly those in urban 
land and transportation corridors, but dramatic impacts have been observed on the local, 
regional, and national scales (Corsi, 2010).  After salt dissolves, it becomes sodium and chloride 
ions, which are carried away as runoff.  These ions can be deposited in soil, surface water, or 
groundwater (Stromberg, 2014; Panno, et al., 2006).   
There is a great problem with salination of freshwater throughout the Northeastern 
region, as chloride and total dissolved solid (TDS) concentrations have been observed at up to 
25% the level of saltwater (Kaushal, et al., 2005); for many freshwater organisms, this exceeds 
their tolerance.  Chronic concentrations of chloride as low as 250 mg/L have been recognized to 
have harmful effects on freshwater life and are not potable for human consumption.   Increase in 
concentration up to 1000 mg/L can have lethal and sublethal effects on aquatic life (Kaushal, et 
al., 2005).  High levels interfere with how animals regulate their uptake of salt into their bodies 
and can negatively impact the survival of crustaceans, amphibians, fish, plants, and other 
organisms (Stromberg, 2014).  
 The major solutes associated with road salt are chloride, sodium, and calcium; 
magnesium may also be introduced where magnesium chloride salt is used. Typically, chloride is 
the best indicator of road salt pollution because it is the primary component of deicing 
compounds and is chemically unreactive in most environments (Heisig, 2000).  Chloride levels 
are also a big concern because it is transported more easily than sodium.  An estimated 40% of 
US urban streams have chloride levels that can exceed tolerance for freshwater life (Stromberg, 
2014, Kelly, et al., 2008).  In one study (Kelly, et al., 2008), road salt on roadways contributed 
nearly 83% of chloride and sodium in a stream, while parking lots contributed nearly 8%.  
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Sewage and water softeners contributed 7% and only 2% was from atmospheric deposition and 
rock weathering.  This signifies that 98% of the chloride contribution was from anthropogenic 
sources (Kelly, et al., 2008).  Chloride is also a concern because it can enter a stream through 
many pollution sources, not just road salt, which can combine to greatly increase the chloride 
concentration in a stream (Thomas, 2000).  Chloride can also be added through domestic 
wastewater, sewage, agricultural runoff, AMD, natural salt deposits, rock weathering, and 
wastewater from the extraction of natural gas (Kelly, et al., 2008; Nimiroski, 2002; Boutt, 2001; 
Peters, 1981; Sherwood, 1989).  
Many streams are seeing significant annual increases in chloride and total dissolved 
solids and road salt is a major component.  The highest levels of chloride occur in winter and 
after snow melt (Stromberg, 2014).  Although road salt is usually only applied in the winter 
months, there have been increases in summer months as well (Kelly, et al., 2008).  In 2005, 
concentrations of chloride and sodium were three times the levels of 1986 and the increase 
occurred both in summer and winter.  Chloride can be retained in the soil and groundwater, 
which can create a lag effect for chloride entering a stream (Kelly, et al., 2008; Jackson and 
Jobbagy, 2005).  Even in summer, chloride concentrations in streams near roads have been 
measured to remain at levels up to 100 times greater than non-impacted forest streams (Kaushal, 
et al., 2005).  Even rural streams have been shown to exceed baseline levels in summer (Jackson 
and Jobbagy, 2005).  This suggests that there still may be increases in concentrations of chloride 
in surface water for decades to come (Kelly, et al., 2008).  Studies show that if the salinity in 
streams were to continue at its current rate, many surface waters in the northeastern U.S. would 
not be potable for human consumption and would be toxic to freshwater life within the next 
century (Kaushal, et al., 2005).  Studies also show that even if salt input decreases or ceases all 
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together, concentrations in surface water may continue to increase, possibly for decades (Kelly, 
et al.2008).   
In Pennsylvania, road salt is a common practice.  Many counties in the Allegheny 
drainage basin apply large amounts of road salt in the winter (Table 2-1,Figure 2- 4).  To help 
reduce the problem, many places are employing new strategies to reduce the road salt use and 
runoff into streams.  Pre-treatment rather than post-treatment is used for storms.  Salt is also 
often mixed with water allowing it to spread more, requiring less (Stromberg, 2014).  Blending 
the salt with sand or gravel is a strategy that also reduces the salt use, sticks more easily to the 
road, and improves the traction for cars.  There is also continued to work to find alternatives 
(Stromberg, 2014).    
 
 
 
 
 
 
 
 
 33 
Table 2-1: Pennsylvania Counties in the Allegheny Drainage Basin that utilize road salt 
and the amount applied to roads in the winter of 2012-2013 (PennDOT, 2013).   
County Tons of Road Salt 
applied 
Gallons of Salt Brine applied (Salt and water mix produced by 
PennDOT)  
Counties with a majority of area in the Allegheny Watershed 
Warren 6,500 871,710 
McKean 9,895 8,200 
Venango  12,973 69,000 
Forest  2,014 583,319 
Elk  5,822 0 
Clarion 13,872 117,901 
Jefferson 19,260 85,963 
Indiana 21,186 249,548 
Armstrong 16,758 125,133 
Westmoreland 36,008 208,796 
Cambria 27,143 151,066 
Counties with a portion of area in the Allegheny Watershed 
Somerset 27,634  91,608 
Potter 6,554 353,990 
Butler 22,781 316,317 
Allegheny 44,255 194,669 
Crawford 14,627 878,130 
Clearfield 18,588 368,275 
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Figure 2- 4: Map of Pennsylvania Counties within the Allegheny River Watershed.    
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2.5 Current Pollution Problems- Natural Gas Extraction 
2.5.1 Natural Gas and the Marcellus Shale 
 Over the last half of a century, there has been an increasing demand for energy, which 
has been reliant on an increase of energy production to meet the growing demand (Evans and 
Kiesecker, 2014).  In the U.S., there has also been a push for energy independent fuels that will 
emit fewer greenhouse gases (Manuel, 2010; Moniz, et al., 2011).  Natural gas now plays a key 
role in meeting the energy demand in the United States (Arthur, et al., 2010).  Since 2005, the 
U.S. natural gas production has increased at an average rate of 3.6 percent (Considine, et al., 
2011).  In 2010, natural gas provided nearly 25% of the energy supply in the U.S. and has the 
potential to provide nearly 50% by the year 2035 (Manuel, 2010; Jiang, et al., 2014).   
  Natural gas provides many distinct advantages to other energy sources.  Natural gas 
combustion generates less air pollution and greenhouse gases compared to other sources such as 
coal, despite its generation of methane that can offset some of the greenhouse gas reduction 
(Olmstead, et al., 2013).  Natural gas also creates many jobs in the U.S. and helps to reduce the 
international trade deficit, since it is produced domestically (Rozell and Reaven, 2012).  Despite 
the advantages of natural gas, there is great debate regarding the potential environmental and 
human health risks of natural gas extraction (Vengosh, et al., 2014).   
Natural gas is found in underground layers of rocks called formations (Chapman, et al., 
2012).  Many new natural gas deposits have been discovered in recent years, which has created a 
boom in the natural gas industry (Manuel, 2010).  Much of the recoverable natural gas in the 
U.S. is present in unconventional reservoirs such as tight sands, shale, and coal beds.  Shale 
formations have the potential to provide access to very large quantities of natural gas (Arthur, et 
al., 2010).     
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 The Marcellus shale formation in the Appalachian Basin is one of the most promising 
shale formations in the United States.  It is the largest known shale deposit in the world (Hayes, 
2009; Rozell and Reaven, 2012), estimated to contain between 780 and 1300 billion cubic meters 
of recoverable natural gas (Jiang, et al., 2014).  The Marcellus will likely play a significant role 
in the future as the U.S. expands domestic energy resources (Considine, et al., 2011).  The 
Marcellus is a black formation that covers 124,000 km2, stretching from New York to West 
Virginia to Ohio (Rozell and Reaven, 2012; Brantley, 2014; Drohan and Brittingham, 2012).  
The depth ranges from ground level to 2500m (Rozell and Reaven, 2012).  The Marcellus is a 
dry formation composed of quartz, clays, pyrite, and calcite (Barbot, et al., 2013).  Since the 
natural fractures in the tight formation of the Marcellus alone are not sufficient for natural gas 
collection, the Marcellus shale requires unconventional methods of extraction (Paleontological 
Research Institution, 2012; Barbot, et al., 2013).   
In the course of developing shale gas in the Appalachian basin, thousands of wells have 
been and will continue to be drilled (Hayes, 2009).  In 2008, there was a sudden and rapid 
growth in natural gas extraction from the Marcellus.  Prior to 2008, fewer than 20 gas wells had 
been drilled; in 2008, more than 200 wells were drilled and by 2009 there were more than 800 
(Arnowitt, 2012).  As of May 2012, there were more than 5,500 gas wells drilled in PA, with 
another 5,500 permitted (Arnowitt, 2012).  The Marcellus has some distinct advantages over 
other natural gas reservoirs, due to its proximity to several states and to a large regional natural 
gas market that has a great potential for future growth (Considine, et al., 2011).  However, with 
the rapid expansion and growth of the Marcellus, there have been increasing concerns about 
whether the extraction practices are subject to adequate regulation (Manuel, 2010; Entrekin, et 
al., 2011).   
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2.5.2 Conventional Drilling versus Unconventional Drilling 
 The method of conventional drilling for natural gas has been used for a long time, since 
1859 (PADEP, 2016).  Conventional wells drill into sandstone formations at a depth range 
between 1,500 and 21,000 feet to extract oil and gas that passes through the formation.  
Conventional wells are usually drilled vertically and do not involve the fracturing of the rock 
formation for extraction (PIOGA, 2016).  Conventional brines from wells in PA derive from 
evaporated seawater that has since been diluted with seawater or freshwater (Paleontological 
Research Institution, 2012).  An estimated 350,000 conventional oil and gas wells have been 
drilled in Pennsylvania, most of which have been plugged or abandoned as their production 
ceased.  In comparison, there are around 6,000 unconventional wells in Pennsylvania, which 
have been added since 2008 (PIOGA, 2016).  In 2010 alone, 1,386 Marcellus wells were drilled 
in Pennsylvania (Chapman, et al., 2012).  Conventional wells have taken a back seat to 
unconventional wells recently because, although conventional wells are a fraction of the cost, 
they have lower production rates and a smaller return on investment.  Conventional wells are 
also not possible in the Marcellus shale play (PIOGA, 2016).   
 Unconventional wells, which typically include both vertical and horizontal drilling and 
hydraulic fracturing, can recover gas from Middle Devonian shales like the Marcellus.  These 
shales are typically tighter and less permeable than other shales, causing the gas to be less free-
flowing, requiring extra steps to maximize the yield (Chapman, et al., 2012).  Although this 
process requires more complex and expensive technologies for production, even at its start in 
2008, unconventional production accounted for 46% of the total natural gas production in the US 
(Chapman, et al., 2012).   
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2.5.3 The Hydraulic Fracturing Process 
 The development of hydraulic fracturing has enabled the recovery of unconventional gas 
to be economically feasible (Hayes, 2009).  Over the last decade, great improvements in this 
technology has allowed for extraction from new reservoirs of shale gas (Brantley, 2014).  This 
process was first used in the Marcellus formation in Pennsylvania in 2003.  Horizontal drilling in 
conjunction with hydraulic fracturing allowed for a rapid increase in unconventional energy 
production (Evans and Kiesecker, 2014).  Since 2005, its usage has grown exponentially (Wilson 
and VanBriesen, 2012), with 25,000 new wells projected by 2020 (Considine, et al., 2011).   
 Horizontal drilling involves drilling vertically until reaching a point within the target 
formation, at which point the drill is turned 90-degrees; this allows the borehole to advance 
horizontally through the target formation.  This process provides a greater exposure to the pay 
zone, which increases the volume of gas that can be produced (Arthur, et al., 2010).  Hydraulic 
fracturing follows horizontal drilling, allowing significant quantities of natural gas to flow freely 
to the wellbore (Arthur, et al., 2010).   
 Hydraulic fracturing is a process that involves the injection of a mix of water, chemicals, 
and sand underground at high pressures to fracture the surrounding rock and release the oil and 
natural gas trapped in the rock (Evans and Kiesecker, 2014).  The process of hydraulic fracturing 
breaks up the zone in which the gas is trapped, helping the gas to escape (Colborn, et al., 2011).  
Water is used to raise the downhole pressure above the level required to exceed the fracturing 
pressure of the formation, opening low permeability shales such as the Marcellus for gas 
extraction (Weaver, et al., 2016).  Large amounts of water are required for successful fracturing, 
between 1 and 4 million gallons for each well (Gaudlip, 2008; Hayes, 2009).  Many chemicals 
are also added to the water mix for various purposes to aid in reaching and releasing the gas; uses 
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including friction reduction, iron control, bacterial control, oxygen scavengers, among others 
(Weaver, et al., 2016; Vengosh, et al., 2014).  In addition to the chemicals, proppants, such as 
sand and other agents, are also added to the solute to hold open the fractures (Hammer, et al., 
2012; Vengosh, et al., 2014).  There are around 750 distinct chemicals used during natural gas 
extraction, ranging from benign to toxic in nature (Rozell and Reaven, 2012).  Although the 
additives compose less than 2% of the fluid used for hydraulic fracturing, there is a large amount 
of fluid used, with 50 cubic meters of chemical used for each typical 10,000 cubic meter project 
(Rozell and Reaven, 2012).   
 After the well is completed, the pressure used to inject the fluid is released, allowing both 
the gas and some fluids to migrate to the surface (Barbot, et al., 2013; Vidic, et al., 2013).  There 
are two categories of water returned from unconventional wells: flowback water and produced 
water.  Flowback water is the fracturing fluid mixed with the formation brine that returns to the 
surface immediately after completion of a well (within 30 days of hydraulic fracturing).  
Produced water is the fluid that continues to be coproduced with gas after production starts 
(Barbot, 2013; Hammer, et al., 2012; Penn State, 2016; Vidic, et al., 2013).  Large amounts of 
wastewater that must be treated and disposed are produced for each fracturing event at a single 
well.  On top of this, one well can be fractured 10 or more times and there can be up to 30 wells 
bored on a single well pad, although typically there are one or two (Jiang, et al., 2014; Colborn, 
et al., 2011).  The water that emerges is collected and stored in tanks or impoundments and must 
eventually be treated and disposed.   
2.5.4 Potential Pollution Pathways 
 The rapid increase in the use of hydraulic fracturing has stimulated a lot of concern about 
its potential impacts on the environment and human health.  These concerns have been 
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heightened by the 2005 Energy Policy Act exemption of hydraulic fracturing operations from the 
Safe Drinking Water Act (SDWA) (Vengosh, et al., 2014).  In Pennsylvania, there is major 
concern about the location of many wells drilling beneath watersheds that supply drinking water 
to millions of people in the region (Manuel, 2010).   
 There are several potential impacts and pathways for which pollution from hydraulic 
fracturing can enter surface water supplies.  The major risks to surface water supplies include: 
the depletion of freshwater supplies from large water usage; tanker truck spills of hydraulic 
fracturing chemicals and untreated water when traveling to and from well sites; leaks of 
untreated wastewater (includes chemicals) from improper handling and storage; well casing 
failure causing leak of fluids into surrounding groundwater; and the discharge of “treated” 
wastewater from treatment facilities (Evans and Kiesecker, 2014; Rozell and Reaven, 2012).   
2.5.4.1 Water Use 
 The direct water consumption from drilling and fracturing for an average Pennsylvania 
Marcellus well is estimated to be 12,000 cubic meters, with an additional 7,900 cubic meters 
average for the total indirect water consumption (Jiang, et al., 2014).  The large water volume 
required is relatively small in terms of the overall water availability in the area and even 
compared to other electrical generation methods.  Compared to 150 million gallons of water 
consumed per day in the Susquehanna River Basin for electric generation, the Marcellus shale 
activity is only 8.4 million gallons per day (Arthur, et al., 2010).  The water usage in the 
Marcellus region for gas-production activities only represents 0.06% of the total water usage 
(Arthur, et al., 2010; Brantley, 2014).  The major problem with the water consumption for a 
Marcellus well is that it requires a large amount of water over a relatively short period and these 
withdrawals occur year-round (Arthur, et al., 2010).  During seasons of normal and high flow, 
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this is not a problem.  However, water withdrawals during periods of low flow (mid-late 
summer) could affect the availability for municipal water supplies and other industry, such as 
power generation, recreation, and the aquatic life (Arthur, et al., 2010).  There is also an issue 
due to location, as most facilities want to utilize the sources nearest to the wells (Arthur, et al., 
2010).  This could also cause issues if the nearest stream is small, where withdrawals may have 
big impacts.   
Water withdrawals by the gas industry may affect long-term ecological health in some 
settings (Soeder and Kappell, 2009; Weltman-Fahs and Taylor, 2013; Brantley, 2014).  The 
decrease in flow of a stream can result in changes in water temperature, sediment transport, and 
channels slope, which all can adversely influence the river biota (Weltman-Fahs and Taylor, 
2013; Brantley, 2014).  Although, in general this withdrawal is likely to only produce temporary, 
local impacts, the extraction during low streamflow can have greater effects (Brantley, et al., 
2014; Arthur, et al., 2010).   
In Pennsylvania, the Department of Environmental Protection is the main regulatory 
agency for water quality standards and effluent releases.  In order to protect all surface waters for 
aquatic life, water supply, and recreation, the PA Water Resources Planning Act (Act 220) 
requires the registration and reporting of water withdrawals in excess of 10,000 gallons per day 
(Arthur, et al., 2010).  Best management practices are used to mitigate the impacts; some of these 
practices include limiting the withdrawals to periods of high streamflow and storing water or 
emphasizing withdrawals from multiple sources (Soeder and Kappell, 2009; Brandley, 2014; 
Arthur, et al., 2010).   
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2.5.4.2 Impoundments 
 Hundreds of thousands of gallons of flowback fluids produced at each well are often 
stored in on site pits called impoundments (Manuel, 2010, Vengosh, et al., 2014).  These open-
air impoundments pose threats to nearby water sources and soils from leakage, spills, accidental 
releases, and mismanagement (Olmstead, et al., 2013; Hammer, et al 
., 2012).  Open impoundments are typically subject to requirements designed to minimize the 
risk of contamination, but the adequacy of those requirements varies between sites (Hammer, et 
al., 2012).   
2.5.4.3 Roadways and Construction Implications 
 With the continued development of the shale gas industry, there have been great increases 
in impervious surfaces, deforestation, and habitat fragmentation associated (Evans and 
Kiesecker, 2014).  The construction of related infrastructure such as well pads, pipelines, 
wastewater treatment plants, and roads can have harmful effects on stream ecosystems.   The 
removal of vegetation for construction causes an increase in runoff and sedimentation, which can 
be harmful to river ecosystems, especially in headwater streams (Brantley, 2014).  The result is 
an increase in the total suspended solids in nearby streams and can have impacts associated with 
this increase (Olmstead, et al., 2013).   
2.5.4.4 Tanker Truck Spills 
 The release of untreated wastewater from natural gas wells can have dangerous effects on 
the ecosystem and people in the area due to the pollutants it contains (Hammer, et al., 2012).  
One way that this can occur is through spillage during transportation of the fluids.  Even when 
fluids are stored and reused, eventually the wastewater must be taken somewhere else for 
treatment and disposal.  With the large increase in active wells giving rise to larger volumes of 
fluids, the number of spills that occurs per year has also increased (Brantley, 2014).   This allows 
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large concentrations of untreated pollutants to find a way to surface waters (Chapman, et al., 
2012). 
2.5.4.5 Treatment and Disposal Methods 
  The methods used for disposal of the wastewater produced from natural gas wells have 
greatly varied, with no method being set as the best management practice.  The amount of water 
produced by each well varies from 10-70% of the volume of the water pumped in.  It is illegal to 
directly discharge the water into a stream, so all of the wastewater must be reused, recycled, 
treated, or disposed (Olmstead, et al., 2013).  There are several federal and state regulations that 
govern the treatment, disposal, and reuse of shale gas wastewater.  These regulations are 
intended to minimize or eliminate the risks associated with wastewater pollutants, but in the past, 
many of these programs have either exempted shale gas wastewater or failed to adequately 
protect (Hammer, et al., 2012).   
When the fluids cannot be reused, wastewater must be treated for surface discharge or 
transported to nearby states for deep well injection (Chapman, et al., 2012).  Treatment of 
wastewater is a costly option and is energy intensive; however, deep well injection is a limited 
practice in Pennsylvania due to few suitable sites, which has led to the use of industrial 
wastewater treatment facilities and publically owned treatment works (POTWs) (Wilson, 2013).  
Although treatment followed by surface water discharge is not a common practice for produced 
water in the U.S., it has been widely practiced in PA due to the unavailability of injection wells 
from inadequate geology (Wilson and VanBriesen, 2012; Penn State, 2016).   
In Pennsylvania, from July 2009 to June 2010, 729,000 cubic meters of wastewater were 
reported.  Nearly 80% was sent for treatment at approved industrial wastewater treatment 
facilities, with 5% being sent to publically owned treatment works.  Around 16% was reused in 
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other wells, 0.007% used to spread on roads, and 1% had unknown disposal (Rozell and Reaven, 
2012).  This indicates that the majority of the wastewater was treated and discharged into 
streams.  This method has created major pollution problems in surface waters, due to a failure to 
fully treat the contaminants (Arnowitt, 2012).  When treatment of natural gas wastewater was 
allowed at municipal wastewater treatment plants (POTWs), inadequate treatment released high 
levels of salinity and dissolved solids.  Although the amount of wastewater treated at these 
facilities was only 5% of the total wastewater produced, it is suspected that this number was 
underreported and estimated that it could have accounted for as high as 50% of treatment (Rozell 
and Reaven, 2012).  Publically owned treatment works are not designed to handle the high 
concentrations of salts, metals, and radioactivity found in the natural gas wastewater and most 
POTWs accepting Marcellus water released concentrations of these at two or three times the 
level accepted for drinking water standards (Rozell and Reaven, 2012; Hammer, et al., 2012).  
This method of disposal can have serious environmental consequences, which has led to 
regulation in PA no longer permitting wastewater to be sent to publically owned treatment works 
without pretreatment to remove the salt (Hammer, et al., 2012).   
Treatment at industrial wastewater facilities includes the same treatment process as 
publically owned treatment works, but adds coagulation and precipitation techniques to remove 
some dissolved solids (Hammer, et al., 2012).  Although these industrial facilities remove more 
pollutants from wastewater than the publically owned treatment works, the discharge still 
contains high levels of certain pollutants, such as bromide, chloride, and total dissolved solids 
(Hammer, et al., 2012; Wilson, 2013).  The inadequate treatment from both facilities has led to 
pollution of surface waters (Hammer, et al., 2012), which includes widespread contamination in 
the Monongahela and Allegheny watersheds (Arnowitt, 2012).  The disposal of Marcellus 
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wastewater through treatment facilities has been suggested to be linked to an overall increase in 
chloride concentrations at sites downstream of the facilities in Western PA (Warner, et al., 
2013).  Regulations by the PADEP have moved to control the surface water disposal of natural 
gas extraction wastewater more stringently, thus increasing the cost of disposal.  This has pushed 
more drillers to reuse larger portions of wastewater before disposal (Rozell and Reaven, 2012).   
 Treatment and reuse of wastewater is currently the industry’s best practice (Ferrar, et al., 
2013).  Wastewater is typically treated before reuse due to the high concentrations of 
contaminants (Penn State, 2016).  An increasing fraction of wastewater is reused; compared to 
the 5% reported from 2009-2010, in 2011 an estimated 70% of flowback and produced fluids are 
reused (Warner, et al., 2013).  The shift to non-discharge management options has significantly 
reduced the total dissolved solid loads input into surface waters in Pennsylvania since 2011 
(Wilson and VanBriesen, 2012).  Some of the wastewater is reused as a road deicer or dust 
suppressant on roads.  This activity is regulated in Pennsylvania, but permits are available for the 
application for ice and dust control given they meet the established standards for chemical 
content and restrictions in the application rates (Poole, 2014; PADEP, 2015).  The PADEP 
considers road spreading of brine for dust control and road stabilization to be a beneficial use of 
the brine, should it only be applied in frequencies necessary to control dust.  The application 
must also not occur within 150 feet of a stream, creek, lake or other body of water, on roads with 
a grade exceeding 10%, and wet roads, during rain, or when rain is imminent (PADEP, 2015).  
Despite these rules, misapplication can still occur resulting in runoff entering a stream.  Rainfall 
and snowmelt can wash the ice control off the roadways and, on top of this, the use of brine 
water as a dust control or deicing agent may replace equally effective products while resulting in 
higher levels of chloride pollution (Hammar, 2012).   
 46 
2.5.5 Associated Pollutants and Effects 
 From start to finish, the extraction of natural gas can affect nearby waterways.  During 
construction for well pads, pipelines, and roads, there is an increase of sediment runoff, which 
increases the total suspended solids (TSS) in a stream (Olmstead, et al., 2013).  The increase in 
TSS reduces sunlight, raises the water temperature, decreases the dissolved oxygen and clarity, 
and can cause damage to organisms (Olmstead, et al., 2013).   
After construction, the high volumes of flowback water and produced water create a 
larger issue with stream pollution (Olmstead, et al., 2013; Chapman, et al., 2012).  The 
wastewater not only contains the chemicals that were added for the hydraulic fracturing process, 
but other chemicals such as naturally occurring heavy metals and radionuclides were picked up 
from within the shale (Olmstead, et al., 2013).  Flowback water is typically high in total 
dissolved solids, salts, toxic metals, and radioactivity (Penn State, 2016; Warner, et al., 2013), 
but concentrations are lower compared to produced water (Jiang, et al., 2014).  Produced water, 
as time goes on, resembles more and more of the geochemistry of the formation, picking up high 
concentrations of total dissolved solids, chloride, bromide, and other constituents (Hammer, et 
al., 2012); Marcellus produced water has been reported as being among the highest in salinity in 
the U.S. (Weaver, et al., 2016).   
Shale wastewater (brine water) is typically high in total dissolved solids (Chapman, et al., 
2012; Olmstead, et al., 2013).  Typically, freshwater has a concentration of total dissolved solids 
(TDS) between 100 and 500 mg/L.  In comparison, shale gas wastewater can range from 800 to 
300,000 mg/L of TDS, which can have major effects on the TDS in a stream (Olmstead, et al., 
2013), while the TDS content of seawater is 25,000 mg/L (Vengosh, et al., 2014).  There is 
concern over the capacity of streams in PA to assimilate the high TDS from wastewater 
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treatment plant effluent in conjunction with previously existing anthropogenic sources, such as 
AMD and road salt runoff (Olmstead, et al., 2013).   
 Along with the TDS levels, Marcellus wastewater has elevated chloride, bromide, 
sodium, calcium, strontium, magnesium, and barium levels, which are most likely from the 
interaction with the formation (Chapman, et al., 2012; Hayes, 2009; Volz, et al., 2011).  The 
brines (anything with more than 35,000 mg/L TDS, used to describe hydraulic fracturing 
wastewater) are dominated by sodium, calcium, and chloride (Dressel and Rose, 2010).  Brines 
are also low in sulfate and carbonate (Barbot, et al., 2013).  Marcellus produced water has 
slightly less calcium, much less magnesium, and much more strontium than any other brines, 
such as conventional brines, found in Pennsylvania (Barbot, et al., 2013).   
 Chloride is a major component of brine water, with a maximum concentration of 207,000 
mg/L in brines (Dressel and Rose, 2010).  Chloride is picked up from the rock formations, with 
the Marcellus having some of the highest levels of chloride (Penn State, 2016).  Chloride is also 
abundant in nature and has several additional sources, including road salt runoff (Katz, et al., 
2011).  Elevated or fluctuating chloride levels can directly damage aquatic ecosystems by 
mobilizing heavy metals, phosphates and other chemicals present in sediment (Olmstead, et al., 
2013).  It is expensive to treat high chloride levels because it is not easily removed through 
chemical or biological processes, causing an increase in chloride levels downstream (Olmstead, 
et al., 2013).   
Chloride is often compared in ratio with bromide to indicate pollution from brine water 
and brine water treatment plants.  Bromide is often a key indicator for wastewater from oil and 
gas extraction activities.  Bromide occurs in very small concentrations in nature (VanBriesen, 
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2011; Wilson, 2013).  Both conventional and unconventional extraction activities in 
Pennsylvania can be sources of high bromide concentrations due to their origins from highly 
concentrated evaporated seawater (Hladik, et al., 2014; Dressel and Rose, 2010).  Deep 
formation brines become enriched in bromide as water molecules pass through the layers of clay, 
which leaves behind bromide ions (Hem, 1985).  Chloride is generally 40-8000 times more 
abundant in nature than bromide, but bromide is slightly more soluble than chloride (Davis, et 
al., 1998: Katz, et al., 2011).   Due to its small natural concentration, relatively small changes in 
total mass of bromide will result in large variations in the Br/Cl ratio if chloride stays relatively 
the same (Davis, et al., 1998).  Treatment plants for brine waters are ineffective at removing 
bromide, so relatively large quantities are discharged in brine treatment plant effluents (Cyprych, 
et al., 2013 2013).  There have been maximum concentrations of around 2,240 mg/L of bromide 
reported in natural gas wastewater (Dressel and Rose, 2010); there are no regulations for 
bromide in effluents or drinking water (Wilson and VanBriesen, 2012).  Due to this, streams 
impacted by natural gas brine water and wastewater from brine treatment plants are expected to 
have a higher bromide to chloride ratio (Heston, 2015).  The increased presence of bromide due 
to brine water disposed can be an issue for drinking water and human health.  During the 
disinfection process, bromide is oxidized and can reacts with naturally occurring organic matter 
present in water (VanBriesen, 2011).  The result is an increase in trihalomethanes (THM), a 
carcinogenic and potentially teratogenic disinfection byproduct (Cyprych, et al., 2013 2013; 
Wilson, 2013; Chang, et al., 2001).  In most freshwater sources, THMs are dominated by 
chloroform formation, when bromide is not present.  As bromide increases, the formation of 
THMs starts to include brominated species (Handke, 2009).  The brominated species of THMs 
also have more associated human health risk compared to other forms (Wilson and VanBriesen, 
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2012).  This is a major concern with a widespread potential for human exposure due to the many 
domestic uses of water (Boorman, 1999).   
 Strontium is a heavy metal that is commonly found in brine waters associated with 
unconventional wells (Brantley, 2014; Jiang, et al., 2014).    Calcium chloride brines are 
relatively rich in strontium and the concentrations are usually related to the concentration of 
calcium (Sass and Starinsky, 1979); the Marcellus shale has more strontium than any other brine 
in Pennsylvania (Barbot, et al., 2013).  Strontium levels typically present in flowback and 
produced water range between 1000 and 7000 mg/L (Brantley, 2014), with a recorded maximum 
concentration of 13,100 mg/L (Dressel, 201).  There is no published drinking water standard for 
strontium (Brantley, 2014).    
 There are no empirical estimates available for the effects of shale gas development on 
surface water quality.  Given the high concentrations of chemicals in wastewater compared to 
surface water, even small inputs can impact the freshwater quality (Vengosh, et al., 2014).  It is 
critical to protect our water supply, but the task is difficult, as the wastewater requires expensive 
chemical treatment (Sharp and Pestano, 2013).  Controlling pollution from oil and gas 
wastewater requires more management to avoid negative effects (Wilson and VanBriesen, 2012).   
2.5.6 Current Regulations 
 With the continual controversy over unconventional natural gas extraction, more and 
more attention has been focused on regulating these activities.  In the beginning of the 
unconventional natural gas industry, hydraulic fracturing was exempt from the regulations under 
the Safe Drinking Water Act by the Energy Policy Act of 2005 (Rozell and Reaven, 2012) in 
hopes of allowing the industry to grow and increase domestic energy production.  It was reported 
that the practices of hydraulic fracturing posed minimal threat to drinking water and that no 
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additional studies were warranted, despite the limits of the initial study (Manuel, 2010).  The 
continued pressure from the public pushed for federal action as more was discovered about the 
potential side effects.  In 2010, the EPA launched a study to investigate the potential adverse 
effects of unconventional drilling on water quality and public health (Manual, 2010).  
Meanwhile, studies were also being conducted by a large number of other groups to investigate 
the potential impacts. In response to the studies, in April of 2011 the PADEP requested that 
natural gas well drilling operations voluntarily stop sending wastewater to 15 facilities in 
Pennsylvania, including the Josephine Brine Treatment Plant, which discharged into Blacklick 
Creek (EPA, 2015; Wilson, 2013; Hopey and Hamill, 2011).  The request resulted in a decrease 
in the discharge sent to these plants to nearly 20% of the water produced in 2011 (Wilson, 2013).   
 Since 2012, the industry’s best practice has been treatment and reuse of wastewater 
(Ferrar, et al., 2013).  New regulations have been established that prevent the acceptance of 
unconventional wastewater at both municipal and industrial treatment plants.  The regulations 
include effluent standards for high TDS, chloride, barium, and strontium.  These standards have 
made surface discharge of these high TDS wastewaters unrealistic, requiring either evaporation 
or distillation treatment (Starosta, 2016).  This regulation dissuades companies from discharging, 
increasing the amount of wastewater reused and the need to find other methods for disposal.  
After treatment, the final product is either a concentrated brine or chemical precipitate; the 
concentrated brines are typically sent for deep well injection or to crystallization facilities to 
potentially make road salt (Straosta, 2016).  The chemical precipitates may be sent to a landfill if 
chemically stable; in Pennsylvania it is sent to residual waste landfills (Straosta, 2016).  In PA, 
the use of wastewater on roads as deicer or dust control is also regulated to prevent 
contamination of nearby streams (Poole, 2014).   
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 Additional new regulations for natural gas drilling operations, 25 PA Code Chapters 78 
and 78a, regulate conventional and unconventional gas separately.  While conventional 
operations are still able to utilize impoundments, this practice is now prohibited for 
unconventional operations.  Unconventional operators must also obtain a water management plan 
before withdrawing water for hydraulic fracturing purposes (PADEP, 2016).  Wastewater from 
unconventional wells can no longer be applied as a dust suppression or deicing agent, while 
conventional wastewater is still considered beneficial for this use (PADEP, 2016).  As the natural 
gas industry continues to grow in the region, it will continue to be regulated in ways that will 
protect our natural resources.   
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Figure 2- 5:  Natural Gas Extraction Wells (both conventional and unconventional) and 
brine treatment facilities in Allegheny Watershed, Pennsylvania.   
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CHAPTER 3: OVERVIEW OF THE WATER QUALITY OF THE KISKIMINETAS 
SYSTEM AND ITS IMPACTS ON THE ALLEGHENY RIVER 
 The Kiskiminetas River system is one of the most impacted watersheds in Pennsylvania.  
As the major tributary in the Lower Allegheny River basin, its water quality greatly impacts the 
Allegheny River, which provides drinking water to over a million people.  The history of 
industry within the Pittsburgh region has had resounding effects on the water quality of the 
streams.  The industrial revolution in Pittsburgh was sparked by the availability of large amounts 
of bituminous coal.  Mining became one of the major activities, supplying coal for the iron and 
steel mills (Tarr, 2003).  The industrial and urban growth increased releases of toxic chemicals, 
sewage, effluent, and storm water into the rivers, but the most significant water quality impacts 
came from mining.  Mining exposed coal beds, resulting in the release of sulfuric acid from the 
mines into streams; from the drainage, streams became acidic, with streambeds smothered by 
orange and yellow-brown iron oxides and white aluminum precipitates (Koryak, 1997).  Mine 
drainage also caused metal toxicity, as large amounts of aluminum, iron, and manganese entered 
streams, stressing fish and invertebrates (PAFBC, 2016).  The combination of contaminants 
destroyed aquatic life and fauna and tainted the drinking water (Tarr, 2003).  Fish kills were first 
reported in the Allegheny River, just below the confluence with the Kiskiminetas, in 1906 (Sams 
and Beer, 2000).   
 Mining activity in the region began to decline in the 1930s, following the Great 
Depression, with a minor resurgence in the 1970s.  The short-lived increase in production 
stimulated the creation of the Federal Surface Mining Control and Reclamation Act of 1977 
(SMCRA) (PCA, 1994).  The new law required operators and state regulators to evaluate the 
consequences of mining operations to the surrounding hydrology and to create new processes to 
 54 
reduce the mine drainage chemical reactions that acidified the streams (Sams and Beer, 2000).  
There were vast improvements in water quality due to the SMCRA and the Clean Water Act, 
which regulated point source pollution such as industrial effluents.  Despite the regulations for 
active mines, abandoned mines remained unregulated and continue to cause pollution problems 
in the Kiskiminetas River basin from abandoned mine drainage (AMD) (Sams and Beer, 2000).  
Abandoned coal mines are scatted throughout Pennsylvania (Brouwer, 2002) and AMD is still 
the most pervasive water pollution problem in the state (Koryak, et al., 2004).   Water samples 
from AMD discharges are generally high in acidity, iron, manganese, aluminum, and sulfates.  In 
a stream, AMD pollution has the potential to cause a drop in pH, smothering benthic organisms 
with precipitates, gill clogging, and direct toxicity from ingestion of metals (Koryak, 1997).   
 Over the past 30 years, water quality in the Kiskiminetas basin has steadily increasing, 
recovering from over 200 years of mining activity.  Since 1965, there have been significant 
decreases in sulfate concentration, a major component of AMD, reported in Blacklick Creek and 
Loyalhanna Creek, tributaries of the Kiskiminetas River (Sams and Beer, 2000).  Despite the 
decreases, in the 1980s, Blacklick Creek, Conemaugh River, and Loyalhanna Creek were still 
considered the rivers with the highest sulfate yields in the region (Sams and Beer, 2000).   The 
concentrations of sulfate, acidity, and metals should decrease and eventually return to levels 
found in unmined basins (Sams and Beer, 2000), but modeling shows the process could take a 
while; it is predicted that acid production peaks between 5 to 10 years after mining, with a 
gradual decline in acidic drainage over the following 20 to 40 years (Ziemkiewicz and Meek, 
1994).  With costs to clean up AMD problems from abandoned mine lands in Pennsylvania 
estimated around $5 billion and the cost to reclaim all abandoned mine lands estimated around 
$15 billion (PADEP, 1996), it is likely that AMD pollution will persist in the region.   
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 As the pollution from mining activities has decreased in the region, additional pollution 
contributors are adding to water quality issues.  Another legacy pollution issue is the use of road 
salt.  A widely utilized practice in the United States, sodium chloride and brine mixes are often 
applied to major roads in winter months as a deicing agent.  This practice started in the 1940s 
and the use has greatly increased (Jackson and Jobbagy,2005).  The increases in human 
population density, urbanization, and impervious surfaces has likewise increased the need for 
road salt to make winter roads safer for vehicles (Jackson and Jobbagy, 2005; Corsi, 2010), 
especially in the northeastern United States.   
 After the road salt dissolves, it becomes sodium and chloride ions, which are carried by 
runoff into nearby streams (Stronberg, 2014).  As a result, many streams are seeing significant 
annual increases in chloride and sodium, causing salination throughout the region (Kaushal, et 
al., 2005).  Most significant increases occur in the winter months, although evidence has shown 
that chloride concentrations in urban streams did not return to baseline levels in summer months, 
when application does not occur (Jackson and Jobbagy,2005; Kelly, et al., 2008).  In 
Pennsylvania, the use of road salt and salt brine (salt and water mix) is a common practice.  
Within the Kiskiminetas watershed, all five counties use a combination of road salt and salt brine 
for road treatment (PennDOT, 2013).  As the major component, chloride is a great indicator of 
road-salt application, but road salt is not the only contributor of chloride.  The input of chloride 
from multiple sources makes identifying the source more difficult and increases the total chloride 
concentrations input into a stream, increasing the effects on a system (Heisig, 2000).   
 A new potential pollution source within the Kiskiminetas basin is the development of 
both conventional and unconventional methods for the extraction of natural gas.  An increased 
demand for energy has created the need for an increase in domestic energy production in the 
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United States (Evans and Kiesecker, 2014).  Although conventional drilling has occurred in the 
region since 1859, with the first well drilled by Edwin Drake in Titusville, PA (PADEP, 2016), 
unconventional gas development only recently started in 2003 (Wilson and VanBriesen, 2012).  
The Marcellus shale is the largest known shale deposit in the world, making it significant in the 
future economic goals of the U.S. (Hayes, 2009; Considine, et al., 2011).  It has been estimated 
to yield as much as 18.3 trillion m3 of recoverable natural gas (Rozell and Reaven, 2012).  Due 
to the tightness of the formation, natural gas from the Marcellus shale can only be extracted 
using unconventional methods; the development of horizontal drilling and hydraulic fracturing 
technologies has made the extraction economically feasible (Rozell and Reaven, 2012).   
There was a rapid growth in unconventional gas extraction from the Marcellus Shale in 
Pennsylvania; prior to 2008, only 20 unconventional gas wells had been drilled, with 200 drilled 
in 2008 and an additional 800 in 2009 (Arnowitt, 2012).  As of May 2012, 5,500 gas wells had 
been drilled in Pennsylvania and another 5,500 permitted (Arnowitt, 2012).  The rapid expansion 
in unconventional gas development has created concerns for its growing environmental impact.  
There are many pathways for which pollution events can occur from unconventional gas 
development, but the major concerns are with the wastewater produced post drilling (Vengosh, et 
al., 2014). 
The process of hydraulic fracturing requires large amounts of water with the addition of 
chemicals and proppants to help release the gas trapped in the formation (Colborn, et al., 2011).  
Between 10 and 70 percent of the water used will return to the surface as flowback or produced 
water (Olmstead, et al., 2013).  The water that returns contains the chemicals added for hydraulic 
fracturing, as well as constituents picked up from the formation.  The wastewater (brine water) 
has high levels of total dissolved solids, strontium, bromide, sodium, calcium, barium, 
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magnesium, and chloride (Chapman, 2011; Dressel and Rose, 2010). Marcellus brines are also 
low in sulfate and carbonate (Barbot, et al., 2013).  Marcellus produced water has slightly less 
calcium, much less magnesium, and much more strontium than any other brine found in 
Pennsylvania (Barbot, et al., 2013).  
Safe disposal of the unconventional brines has presented a challenge.  In the past, brines 
could be sent to publically owned or industrial treatment plants for treatment and discharge into 
streams.  In Pennsylvania, publically owned treatment works (POTWs) were commonly used in 
2007 and 2008 through the early development of the Marcellus.  Unfortunately, with the high 
concentrations of TDS, the POTWs did not have the technology available to adequately treat the 
wastewater, merely diluting the total dissolved solids that were discharged (Penn State, 2016).  
Industrial treatment plants added coagulation and precipitation techniques to remove some of the 
dissolved solids, but the discharge still contained high levels of pollutants (Hammer, et al., 2012; 
Wilson, 2013).  In the Conemaugh River Basin, there were four facilities accepting 
unconventional wastewater, which impacted the streams (Volz, et al., 2011).  The effects of 
surface discharge as a disposal method were realized and the practice of sending wastewater to 
POTWs and industrial treatment plants for discharge was reduced in response to a request from 
the PADEP in 2011 (Weaver, et al., 2016; Ferrar, et al., 2013) and the implementation of stricter 
TDS standards (Olmstead, et al., 2013).    
Since 2011, there has been a shift toward non-discharging management options for 
wastewater (Wilson and VanBriesen, 2012).  Other disposal methods have been utilized after 
wastewater treatment, such as deep well injections.  Deep well injection is a common practice for 
produced water in the United States (Wilson, 2013).  However, in Pennsylvania, the use of deep 
well injections is uncommon due to the instability of the underlying geology, requiring expensive 
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transportation to Ohio or nearby states to utilize this disposal method. (Chapman, et al., 2012).  
Since a safe disposal method has yet to be found, the industry’s best practice is treatment and 
reuse of wastewater (Ferrar, et al., 2013).  An increasing fraction of wastewater is reused; 
compared to the 5% reported from 2009-2010, in 2011 an estimated 70% of flowback and 
produced fluids were reused (Warner, et al., 2013).  Some of the wastewater is used as a road 
deicer or dust suppressant on roads.  This activity is regulated in Pennsylvania, but permits are 
available for the application for ice and dust control given they meet the established standards for 
chemical content and restrictions in the application rates (Poole, 2014; PADEP, 2015).   The shift 
to non-discharge management options has significantly reduced the total dissolved solid loads 
input into surface waters in Pennsylvania since 2011 (Wilson and VanBriesen, 2012).   
There are no empirical estimates available for the effects of shale gas development on 
surface water quality.  Given the high concentrations of chemicals in wastewater compared to 
surface water, even small inputs can impact the freshwater quality (Vengosh, et al., 2014).  It is 
critical to protect our water supply, but the task is difficult, as the wastewater requires expensive 
chemical treatment (Sharp and Pestano, 2013).  Controlling pollution from oil and gas 
wastewater requires more management to avoid negative effects (Wilson and VanBriesen, 2012). 
3.1 Specific Aims and Hypotheses 
This study was designed to create a baseline of water quality and water chemistry data for 
the Lower Allegheny River and the Kiskiminetas Watershed in their current state.  This included 
an assessment of the current state of the streams near Pittsburgh as it compares to historical data, 
comparing the importance of measured parameters as they have changed throughout time.  It also 
included comparing the current data between sites, obtained through 3 Rivers QUEST, to 
indicate the major pollution sources currently contributing to degraded water quality.  The 
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objectives of this study were to utilize different chemical indicators and ratios that correlate with 
pollution sources and to create GIS maps to depict pollution sources relative to each sampling 
site to assist in drawing conclusions.    
3.1.1 Hypotheses 
1. The overall water quality of the Kiskiminetas Watershed and the Lower Allegheny River 
has improved.   
a. The general water quality has improved since the 1950s.  The Clean Water Act 
(CWA) has worked to mitigate and improve some aspects of water quality, such 
as industrial effluent, sewage, and abandoned mine drainage issues (AMD).  It is 
expected that due to the CWA and the Surface Mining Control and Reclamation 
Act (SMCRA) of 1977, chemical parameters associated with AMD and industrial 
effluent have improved.  This includes reductions in aluminum (Al) and sulfate 
(SO4), with pH recovering to acceptable levels. 
2. There has been a shift in the major water quality problems in the Kiskiminetas Watershed 
that may affect the Allegheny River water quality.    
a. Due to recent shifts in economic activities in the region, there has been a shift in 
the present and future threats to the watershed.  There is a threat of reversing the 
great improvements made in water quality in the last 60 years.  Due to a multitude 
of sources, total dissolved solids is increasing the salinity of streams.   
b. The increase of unconventional drilling and continued use of conventional drilling 
for natural gas extraction is likely to increase associated parameters.  There is 
predicted to be an increase in total dissolved solids, bromide, and chloride, as they 
are major constituents of the wastewater produced by both methods.  There is also 
expected to be an increase in ions associated with hydraulic fracturing 
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wastewater, such as sodium, calcium, and strontium.  Streams with direct 
effluents from brine treatment facilities will have the greatest concentrations of 
these parameters.   
c. The continually increasing use of road salt is also likely to contribute to increased 
concentrations of total dissolved solids, chloride and sodium.   
3.2 Materials and Methods 
3.2.1 Site Selection 
For the Kiskiminetas River Basin and Lower Allegheny River, samples were collected 
from eight sites on the Allegheny River and its tributaries.  Sites were selected based on their 
proximity to pollution contributors, such as abandoned mine drainage and brine water treatment 
facilities, as well as their proximity to USGS gage stations, which record discharge.  When 
sampling began in the Lower Allegheny Region in January of 2013, sites included the 
Conemaugh River (both at Tunnelton and Seward, PA), the Kiskiminetas River, Loyalhanna 
Creek, Blacklick Creek, and two sites on the Allegheny River at Lock and Dam 5 (L&D 5) and 
Lock and Dam 2 (L&D2).  In 2014, the Kiskiminetas River (Kiski) site was shifted downstream 
from Vandergrift to Leechburg, PA to better measure the entire watershed and a new site was 
added to the Allegheny at Tarentum, PA, downstream the confluence with the Kiski.   No 
changes have been made to the sites since 2014.  A total of eight sites have been sampled and 
continue to be sampled within the Lower Allegheny Region and the Kiski (Table 3-1, Figure 3- 
1).   
3.2.2 Sample Collection 
Two researchers from Duquesne University collected water samples biweekly from 8 
sites on the Allegheny River and its tributaries.  Samples were collected from January 2013 to 
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June 2015 year round, except for when ice cover prevented collection.  Two samples were 
collected form each site: 1000 mL of unfiltered stream water, and 250 mL of filtered water.   
 
Table 3-1: Sites Sampled through 3 Rivers QUEST program in the Lower Allegheny Basin 
and Kiskiminetas River Basin 
 
 
 
 
 
 
 
 
 
 
Original Site (Sampled since 
January 2013) 
Current Site (sampled since 
January 2014) 
Site Code 
Allegheny River- L&D5  A30 
 Allegheny-Tarentum A22 
Allegheny River -L&D 2  A6 
Loyalhanna- Kingston  LY 
Conemaugh-Seward  C75 
Blacklick- Josephine  BL 
Conemaugh-Tunnelton  C37 
Kiskiminetas-Vandergrift Kiskiminetas-Leechburg KS (-L) 
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Figure 3- 1: Map of the collection sites in the Kiskiminetas Watershed and along the 
Allegheny River. 
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Water was filtered onsite using a manual pump filtration system with a cellulose ester membrane 
disc filter with a 0.45-µm pore size.   Filtered samples were immediately treated with nitric acid 
to maintain a pH of 2.   
Samples were collected personally from May of 2014 to June of 2015, as well as by 
several other individuals throughout the sampling period.  At time of collection, samplers 
recorded the date and time each sample was collected, the air and water temperature, and the 
barometric pressure.   Samplers recorded relative measurements for the weather conditions 
(sunny, cloudy, rainy, snowy), the visual turbidity (clear, cloudy, tea-colored, muddy, murky, 
milky), and the amount of precipitation received within 24 hours prior to sampling (none, trace 
(0.001), light, moderate, heavy) (Figure 3- 2).  Using a YSI multiparameter probe, samplers also 
measured and recorded the dissolved oxygen content, specific conductance, and pH at the time of 
sampling.  YSI units were calibrated prior to each sampling date using standard operating 
procedures.  The YSI probes and filter apparatus were thoroughly rinsed with distilled water 
between uses at various sites to prevent cross contamination of streams and samples.   
3.2.3 Sample Analysis 
 After collection, samples were immediately stored on ice, in accordance with EPA 
protocols for quality assurance and quality control, and sent to a lab for analysis.  All samples 
were sent to a certified lab, Pace Analytical, for analysis.  Each cooler of samples was 
accompanied by a chain of custody form (Figure 3- 3).   
The following chemical variables were analyzed in the Pace lab: dissolved metals 
(calcium, magnesium, aluminum, sodium, manganese, strontium, and iron), alkalinity, total 
dissolved solids (TDS), and anions (bromide, chloride, and sulfate).  All samples were prepared 
in accordance with EPA method 3005A.  The dissolved metals were analyzed with EPA 6010B,  
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Figure 3- 2: Example of Standard Data Sheet used During Sample Collection at Each Site.   
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Figure 3- 3: Example of the Chain of Custody Form that accompanied each cooler of samples. 
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alkalinity was analyzed with SM2320B-97, total dissolved solids were analyzed for SM2450C-
97, and the anions were analyzed with EPA 300.0.   
3.2.5 Data Analysis 
 The analyzed data for each sample was sent to the research facility and added to the 3RQ 
database.  For levels that were undetectable, levels for all parameters, except bromide, were 
listed as half of the critical limit for the analysis method.  The only parameters that this affected 
were aluminum and bromide.  Non-detectable bromide levels were listed as 0 mg/L, while non-
detectable aluminum levels, where the detection limit is 0.05 mg/L, were listed as 0.025 mg/L.   
Samples collected from all eight sites were analyzed by site with both current and 
historical data.  From the EPA STORET database, historic data sites were selected based on 
proximity to 3RQ sampling sites.   Data obtained from the EPA STORET included data from the 
PADEP, the Ohio River Valley Water Authority, and the USGS Pennsylvania Water Science 
Center.  Flow and discharge data were obtained from the USGS Waterwatch.   
The data was analyzed using the concentrations of parameters, as well as chemical ratios.  
The study looked at chemical concentrations and chemical ratios at each site over time (where 
available), a comparison between current concentrations at each site, and a comparison between 
chemical ratios at each site.  This allowed for analysis of changes in water quality compared to 
historic water quality and identification of sites facing the most significant problems.     
3.2.5.1 Parameters Over Time 
Several of the measured parameters were analyzed by their concentration over time, 
utilizing both historic data from the EPA STORET and current data from the 3RQ database.  
Parameters analyzed include sulfate, aluminum, chloride, bromide, total dissolved solids, and 
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pH.  Concentration (mg/L) was used instead of tons per day (TPD) because historic discharge 
values correlating to the data are not available, making flow calculations impossible. 
3.2.5.2 Chemical Ratios 
 Chemical ratios between parameter were also used to analyze the data.  Background 
concentrations in Pennsylvania Rivers are highly variable because of the multiple sources of 
pollution, such as AMD, agriculture, road salt, and municipal waste, and seasonal changes in 
discharge (Brantley, 2014).  Ratios between parameters do not change due to discharge, making 
them beneficial in this study, where historic discharge values were unavailable.  Chemical ratios 
can also help distinguish between sources of pollution as some parameters, such as chloride, 
have several possible sources (Chapman, et al., 2012; Heston, 2015).  The chemical ratios for 
each source are known and allow for comparison.  Ratios were also compared over time where 
historic data was available.   
 Bromide to chloride (Br/Cl) ratios were utilized to distinguish between some sources.  
Bromide only occurs in nature in very small concentrations, so increased bromide levels are 
significant in identifying waters altered by human activities (Thomas, 2000).  This ratio is 
significant because chloride is 40-8000 times more abundant than bromide.  Relatively small 
changes in bromide will result in large variations in the Br/Cl ratio (Davis, et al., 1998).  Organic 
rich materials, such as coal, are lowest in the Br/Cl ratio due to very low bromide and high 
chloride, while wastewater from the extraction of natural gas (brine water) elevates the Br level, 
increasing the Br/Cl ratio (Vengosh, et al., 2014; Alcala and Custodio, 2008).  This suggests that 
the Br/Cl ratio can be used to distinguish between oil and gas produced waters, coal-related 
wastewaters, and road salt runoff (Wilson, 2013).   
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 Sulfate to chloride (SO4/Cl) ratios were also utilized to help distinguish between sources 
of pollution.  Coal wastewaters, such as AMD, are enriched in sulfates relative to chloride, while 
oil and gas produced waters are enriched in chloride relative to sulfate (Warner, et al., 2013).  
The SO4/Cl ratio in coal is higher than in oil and gas produced waters, which suggests that this 
ratio compared to the bromide concentration can also serve to separate oil and gas produced 
waters from brine treatment plant discharges, as well as from various coal-related wastewaters 
(Wilson, 2013).  The SO4/Cl ratio can also be used to separate oil and gas produced waters from 
brine treatment plant discharges due to the addition of sulfates during the treatment to aid in the 
removal of barium, which increases the ratio (Wilson, 2013).   
The calcium/magnesium to calcium/strontium (Ca/Mg : Ca/Sr) ratio was also used to 
indicate variations between sources of pollutants.  The strontium and calcium are expected to be 
conservative tracers in aqueous systems, so this ratio is likely to allow for differentiation 
between sources in nearly any case.  The Ca/Sr ratio for produced water from Marcellus wells is 
distinct from other sources of pollution in the Lower Allegheny Basin (Chapman, et al., 2012).  
The Marcellus is known for high strontium concentrations, as it is incorporated into the water 
after interaction with the adjacent rock (Chapman, et al., 2012).  Produced water from the 
Marcellus is elevated in strontium and is then released in elevated concentrations from brine 
treatment plants (Ferrar, et al., 2013).   
Several variations between these three main ratios were also utilized to further distinguish 
between sources, but were determined to be insignificant for this paper (Appendix A).  Ratios 
were also set over time to visualize temporal trends.   
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3.2.5.3 Geographic Information System (GIS) mapping 
 Using the ArcGIS application presented by ESRI, several maps were created to analyze 
the 3RQ site locations and activities within the Allegheny and Kiskiminetas watersheds.  Spatial 
maps were created using the data site locations (decimal latitude and decimal longitude) obtained 
during the in-field survey and sample acquisition process.  Several data sources and layers were 
utilized from the Pennsylvania Spatial Data Access (PASDA) database, PADEP, and the U.S. 
Geological Survey (Table 3-2) to assess correlation between site chemical constituents and 
activity.  From the USGS, a layer including all of the streams in the US was added.  The 
Allegheny and Kiskiminetas watersheds were mapped with the ArcGIS watershed tool using a 
Digital Elevation Model (DEM) from the USGS provided earth explorer tool.  Additional layers 
including the industrial activity in the region were added and queried within the watersheds.  
Interstate roadways were added to the map from the PA Spatial Data Access (PASDA).  The PA 
conventional oil and gas wells, both permitted and drilled through May 16, 2014, and the PA 
unconventional wells both permitted and drilled through December 28, 2015, were provided by 
data from the PA Department of Environmental Protection (PADEP), and were processed by the 
FracTracker Alliance.  Data for the locations of Brine Treatment Plants in the watershed were 
obtained through the PADEP and used to create a shapefile.  Data layers for the coal mining 
operations in PA (both abandoned mine lands and active mines through 2016) were obtained 
from the PADEP and PASDA.   
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Table 3-2: GIS Map Layers and Data Sources 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Data Layer   Source 
Sampling Sites 3 Rivers QUEST 
Stream of Pennsylvania USGS 
Allegheny and Kiskiminetas watersheds Digital elevation model (DEM) from USGS 
Interstate Roadways PA Spatial Data Access (PASDA) 
Conventional oil and Gas permitted and drilled through May, 
2014 
Data from PADEP, processed by 
FracTracker Alliance 
Unconventional oil and gas well permitted and drilled through 
December, 2015 
Data from PADEP, processed by 
FracTracker Alliance 
Brine Treatment Plants PADEP 
Coal mining operations- active and abandoned- through 2016 PADEP and PASDA 
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3.3 Results 
3.3.1 Spatial Analysis 
 Spatial Analysis was conducted to determine the potential influence of mining, road salt, 
and natural gas extraction activities on the water quality at sampling sites.   
3.3.1.1 Active and Abandoned Mines 
Mining is a common activity throughout both the Allegheny Watershed and the 
Kiskiminetas watershed.  The area is scattered with both active and abandoned mines.  The 
abandoned mine layer depicts the total land covered by abandoned mines, while the active mine 
layer depicts the center point for each mine operation.  There are around 2,537 active coal mines 
and 910 abandoned coal mines within the Allegheny River basin (Sams and Beer, 2000).  Nearly 
half of that activity takes place within the Kiskiminetas watershed.  Many mine sites, both active 
and abandoned, are in close proximity to sampling sites within the Kiskiminetas Watershed 
(Figure 3- 4).   
3.3.1.2 Road Salt 
 The use of road salt and salt brines (a mix of salt and water) is a common practice in 
Pennsylvania.  The Kiskiminetas receives the majority of runoff from Indiana, Westmoreland, 
and Cambria counties and a portion of the runoff from Somerset and Armstrong Counties.  All of 
these counties use both road salt and salt brine (Table 3-3, Figure 3- 5).  Between these five 
counties, a total of 128,721 tons of road salt and 826,151 gallons of salt brine were applied in the 
winter of 2012-2013 (PennDOT, 2013).  A large portion of the runoff from this application likely 
ended up within the Kiskiminetas system. 
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Figure 3- 4: Map of Active and Abandoned Mine Lands within the Allegheny Watershed 
and their Proximity to Study Sites.   
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Table 3-3: Salt and Salt Brine Usage for Counties within Kiskiminetas Watershed from 
2012 to 2013.  (PennDOT, 2013) 
 
 
Figure 3- 5 Sampling sites and the Counties within the Kiskiminetas and Allegheny 
Watershed. 
County Tons of Road Salt 
applied 
Gallons of Salt Brine applied (Salt and water mix produced by 
PennDOT)  
Counties with a majority of area in the Kiskiminetas Watershed 
Indiana 21,186 249,548 
Armstrong 16,758 125,133 
Westmoreland 36,008 208,796 
Cambria 27,143 151,066 
Counties with a portion of area in the Kiskiminetas Watershed 
Somerset 27,634  91,608 
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3.3.1.3 Conventional and Unconventional Wells and Wastewater Treatment 
 With the rapid increase in natural gas production from the Marcellus formation, many 
unconventional wells have been permitted and drilled within the Allegheny Watershed (Figure 3- 
6).  Although conventional drilling does occur and has occurred in the area since the 19th 
century, it is much less common than unconventional within the Allegheny Watershed.  
According to the PADEP records, since May of 2014, there were 83 conventional wells drilled 
within the Allegheny Watershed, with another 148 permitted.   By comparison, by December of 
2015 there were 452 Marcellus wells drilled with another 591 permitted within the Allegheny 
Watershed alone.  Most of the wells fall outside of the Kiskiminetas Watershed, but there are 4 
conventional wells drilled, with 4 permitted and 98 unconventional wells drilled, with 13 
permitted.  The major pathway for pollution from natural gas extraction within the Kiskiminetas 
Watershed is the presence of Brine Treatment Facilities that in the past have accepted both 
conventional and unconventional wastewater for treatment and discharge.  Four of the five local 
Brine Treatment Facilities are within the Kiskiminetas Watershed (Figure 3- 6, Table 3-4).   
These facilities accepted large quantities of wastewater from both conventional and 
unconventional wells for treatment and discharge into streams.  This practice continued until a 
request by the PADEP in 2011 to cease the transport of wastewater to these facilities for 
treatment and discharge (EPA, 2015; Wilson, 2013).  Currently, standards for discharge 
concentrations have been set to stringent levels that have dissuaded discharge due to the expense 
of treatment to these standards (Starosta, 2016; Penn State, 2016; Ferrar, et al., 2013).  With 
limited methods for disposal, the industry’s current best practice is treatment and reuse (Ferrar, et 
al., 2013).   
 
 75 
 
 
Figure 3- 6: Natural Gas Extraction Associated Facilities within the Allegheny and 
Kiskiminetas Watershed and proximity to Collection Sites.   
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Table 3-4: Facilities Accepting Conventional and Unconventional wastewater within 
Kiskiminetas River Basin 
Brine Treatment Plants Stream discharged to 
Johnstown Sewage Treatment Plant Conemaugh 
Tunnelton Liquids Conemaugh 
Kiski Valley WPCA/McCutcheon Enterprises (CWT) Kiskiminetas 
Pennsylvania Brine Josephine Treatment Blacklick  
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3.3.2 Chemical Analysis 
 Each pollution source has a distinct set of chemical parameters associated with it (Table 
3-5).  A combination of these parameters can be used to determine if there is a pollution problem 
and the potential source(s).  The parameters analyzed were based on their relationship to water 
quality and to different sources. These associations were used when analyzing the data collected.     
Abandoned mine drainage (AMD), which is the most pervasive pollution problem in 
Pennsylvania due to an extensive mining history, is associated with elevated acidity, aluminum, 
iron, manganese, total dissolved solids (TDS) and sulfate.  The primary reaction of AMD 
elevates the concentrations of the insoluble precipitate, ferric hydroxide, dissolved sulfate and 
acid.  The increased acidity creates a secondary reaction with compounds in adjacent rocks, 
producing high concentrations of aluminum, manganese, and zinc (Tolar, 1982; Sams and Beer, 
2000).   
 Road salt is associated with elevated chloride, calcium, and sodium, which are the main 
constituents within rock salt.  Magnesium can also be found where magnesium chloride salt is 
used (Heisig, 2000).   The elevated ions also increase the total dissolved solids within a stream.   
 Marcellus unconventional wastewater from the extraction of natural gas (unconventional 
wastewater/brine water) includes high levels of total dissolved solids, bromide, chloride, 
strontium, sodium, and magnesium.  From treatment of wastewater, sulfate is added to aid in the 
removal of barium, increasing the sulfate concentration in the wastewater.  Conventional 
wastewater has a similar chemical composition to unconventional wastewater (Table 3-5), with 
elevated total dissolved solids, bromide, chloride, and calcium, but lacks the strontium that is 
picked up within the Marcellus play (Weaver, et al., 2016; Chapman, et al., 2012; Dressel and 
Rose, 2010).   
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Table 3-5: Potential Pollution Sources within the Kiskiminetas Watershed and the 
Potential Associated Pollutants.   
 
 
 
 
 
 
 
 
 
 
 
 
Associated Pollutants AMD Road Salt Unconventional 
Wastewater/ Treatment 
Plant Effluent 
Conventional 
Wastewater 
Sulfate (SO4) ×  ×  
Iron (Fe) ×    
Magnesium (Mg)  × ×  
Manganese (Mn) ×    
Aluminum (Al) ×    
Acidity ×    
Total Dissolved Solids 
(TDS) 
× × × × 
Bromide (Br)   × × 
Chloride (Cl)  × × × 
Strontium (Sr)   ×  
Calcium (Ca)  × × × 
Sodium (Na)  × ×  
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3.3.2.1 pH 
  As a general water quality parameter, the secondary drinking water standard (SDWS) for 
pH is between 6.5 and 8.5 standard units.  Although the secondary drinking water standards are 
not enforceable, they are recommended for good water quality.  Historically the pH in the 
Kiskiminetas River System was greatly below the acceptable range up through the 1990s due to 
abandoned mine drainage (Figure 3- 7).  The streams were acidic, with a low pH value than the 
ideal range for wildlife and human use.  Loyalhanna Creek, which has also been known to be 
impacted by AMD was the only stream within the Kiski watershed that mostly had an acceptable 
pH.  Blacklick Creek consistently recorded the lowest pH, with values nearing a pH of 2.  
Currently, all of these sites in both the Kiski system and the Allegheny River have recovered to 
an acceptable average pH (Figure 3- 8).  Only Blacklick Creek has had observed levels below the 
acceptable range, while Loyalhanna and Allegheny L&D 2 have had observed levels that were 
alkaline and above the SDWS range.   
3.3.2.2 Total Dissolved Solids 
 Total dissolved solids (TDS) is a measurement often used as a general characteristic of 
water quality.  TDS has many sources, so it is not used to distinguish between sources, but high 
levels do usually indicate a human induced pollution problem.  It has a recommended secondary 
drinking water standard of 500 mg/L.  Historic data for TDS is not available, as it has only been 
monitored for more recently.  Current data shows that all sites have average TDS levels well 
below the SDWS, but all in the Kiski Watershed, except Loyalhanna Creek, have exceeded this 
standard at some point (Figure 3- 9).  Blacklick Creek had exceeded the DWS eight times for 
TDS between January of 2013 and June of 2015, while the Conemaugh above Blacklick Creek, 
at Seward, had exceeded twice, and the Conemaugh below Blacklick, at Tunnelton, had 
exceeded three times.  The Kiski at Leechburg had also exceeded twice (Table 3-6). 
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Figure 3- 7: pH Median and Range over time in the Kiskiminetas River System since 1950.   
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Figure 3- 8: pH Levels in the Lower Allegheny Kiskiminetas River Systems showing 
interquartile range, median, minimum, and maximum values 
 
  
Figure 3- 9: Total Dissolved Solid levels in the Lower Allegheny and Kiskiminetas River 
Systems showing interquartile range, median, minimum, and maximum values.   
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Table 3-6: Exceedance Table for Secondary Drinking Water Standards for All Assessed 
Parameters at Each Site 
 
 
 
 
 
 
 
 
Sampling Sites Site ID pH 
Exceedance 
(# of times 
outside 6.5-
8.5 range) 
TDS 
Exceedance 
(above 500 
mg/L) 
Aluminum 
Exceedance 
(above 0.05 
mg/L) 
Sulfate 
Exceedance 
(above 250 
mg/L) 
Chloride 
Exceedance 
(above 250 
mg/L) 
Conemaugh 
River-Seward 
C75 0 2 26 3 0 
Blacklick 
Creek at 
Josephine 
BL 8 11 22 4 4 
Conemaugh 
River at 
Tunnelton 
C37 0 5 7 4 1 
Loyalhanna 
Creek at 
Kingston 
LY 1 0 21 0 0 
Kiskiminetas 
River at 
Vandergrift 
KS 0 0 13 0 0 
Kiskiminetas at 
Leechburg 
KS-L 0 3 12 3 0 
Allegheny 
River at L&D5 
A30 0 0 13 0 0 
Allegheny 
River at 
Tarentum 
A22 0 1 9 0 0 
Allegheny 
River at L&D2 
A6 1 0 12 0 0 
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The Allegheny River at L&D5, upstream of the Kiski input, has not exceeded the SDWS for 
TDS.  At Allegheny Tarentum, eight miles downstream of the Kiski input, the SDWS had been 
exceeded once since January of 2014 (Table 3-6).  The median TDS level at L&D 5 is 109 mg/L, 
which increases at Allegheny Tarentum to 131 mg/L.  The median TDS is even slightly more 
elevated at L&D2 compared to the Tarentum level at 146 mg/L (Figure 3- 9).   
3.3.2.3 Aluminum 
 The aluminum levels in the Kiskiminetas Watershed have consistently exceeded the 
secondary drinking water standard of 0.05 mg/L since the 1950s.  All sites in the Kiski watershed 
had maximum values that greatly exceeded the standard, some even 1000 times the current 
SDWS, such as Kiski’s highest with 53 mg/L.  Blacklick Creek consistently had the highest 
observed average and maximums, with the maximum bar depicting values exceeding 80 mg/L in 
the 1960s (Figure 3- 10).  Since the 1970s, there has been a decline in the aluminum levels in all 
streams, but the average values continued to exceed the SDWS.  Even currently, values of 
aluminum have still exceeded the standard, but remain much lower than historical values.  Since 
2013, all sampling sites have exceeded the SDWS (Table 3-6, Figure 3- 11).  The Conemaugh 
River at Seward has exceeded 26 times, 22 times at Blacklick, and 21 times at Loyalhanna.  Even 
the Allegheny sites have all exceeded: L&D5 has exceeded 13 times, L&D2 12 times, and 
Tarentum 9 times, (although it has only been sampled since 2014).  Blacklick and Allegheny 
L&D5 have averages that exceed the SDWS, but all other sites are below the recommended limit 
(Figure 3- 11).   
3.3.2.4 Sulfate 
 The trend in sulfate is similar to the trend in aluminum.  Historically, all sites in the 
Kiskiminetas Watershed, except Loyalhanna, exceeded the SDWS from 1950 until the 1980s.  
Blacklick Creek historically had the highest sulfate values, with maximum observed over five  
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Figure 3- 10: Changes in Aluminum Average Levels and Range since 1950. 
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Figure 3- 11: Aluminum Levels in the Lower Allegheny and Kiskiminetas River Systems 
showing interquartile range, median, minimum, and maximum values.    
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times the SDWS (Figure 3- 12).  Since the 1990s, the averages of each site dropped below the 
SDWS, although recent levels have still exceeded the standard at times at Conemaugh Seward 
and Tunnelton, Blacklick, and Kiski-Leechburg (Figure 3- 13).  Average levels at these sites are 
much lower than the SDWS, and maximum concentrations have only exceeded the SDWS three 
or four times at each site (Table 3-6).  Levels in the Allegheny River are well within the SDWS, 
having not exceeded 250 mg/L since 2013 (Figure 3- 13).   
3.3.2.5 Chloride 
 Chloride levels in the Kiskiminetas River system have only exceeded the SDWS of 250 
mg/L set by the EPA a few of times.   Of the three exceedances that have occurred, two have 
occurred since 2013: once in Blacklick Creek and once in the Conemaugh River at Tunnelton 
(Figure 3- 15,Table 3-6).  At each of the sites in the Kiski Watershed, there seems to be an 
increase in the average chloride levels over time as well, with a much more variable range than 
generally observed historically (Figure 3- 15).  Still, the average chloride level at each site in the 
Allegheny and Kiski watershed is far below the SDWS of 250 mg/L (Figure 3- 14).   
3.3.2.6 Bromide 
 The sampling for bromide in water samples is technically difficult for low levels and has 
only recently become an important study parameter, limiting the historical data available.  
Bromide in surface water is naturally low so levels elevated above the expected levels can 
indicate a pollution problem.  Bromide itself does not have a secondary drinking water standard.  
For this study, the primary drinking water standard for brominated trihalomethanes, 0.08 mg/L, 
was used for comparison due to its link to bromide levels.   
 Bromide levels in the Kiskiminetas Watershed are elevated at several of the sites, 
including Blacklick Creek, Conemaugh-Tunnelton, and both Kiskiminetas sites (Figure 3- 16).  
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Figure 3- 12: Changes in Sulfate Concentration Average and Range since 1950. 
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Figure 3- 13: Sulfate Levels in the Lower Allegheny and Kiskiminetas River Systems 
showing interquartile range, median, minimum, and maximum values.   
 
 
Figure 3- 14: Chloride Levels in the Lower Allegheny and Kiskiminetas River Systems 
showing interquartile range, median, minimum, and maximum values.   
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Figure 3- 15: Changes in Average Chloride Levels and Range in the Kiskiminetas Watershed since 1962. 
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Figure 3- 16: Bromide Levels in the Lower Allegheny and Kiskiminetas River Systems 
showing interquartile range, median, minimum, and maximum values.   
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Levels at Conemaugh-Seward and Loyalhanna Creek have not exceeded the THM DWS, but 
starting at Blacklick and moving downstream, Blacklick, Conemaugh-Tunnelton, and both Kiski 
sites have exceeded this standard multiple times (Table 3-6).  In the Allegheny River, although 
none of the averages observed for the sites have exceeded this standard, all have exceeded this 
standard at different times (Figure 3- 16).   
3.3.2.7 Bromide/Chloride and Sulfate/Chloride Ratios 
 Bromide/chloride to sulfate/chloride (Br/Cl :SO4/Cl) ratio graphs can help distinguish 
between different pollution sources by their chemical signatures.  Each source has an expected 
range for each ratio, depicted by data points, with the point signifying the average ratio and error 
bars signifying the standard deviation (Figure 3- 17) (Wilson, 2013; Kondratyuk, 2016 
[unpublished]).   AMD is high in sulfate and low in bromide, giving it a high SO4/Cl ratio and a 
low Br/Cl ratio.  Conventional and unconventional produced water are both high in bromide and 
low in sulfate, so they both have a high Br/Cl ratio and a low SO4/Cl ratio.  However, brine 
treatment water, which includes both conventional and unconventional wastewater, is still high 
in bromide, as it is not removed during the treatment process, but sulfate is added during 
treatment for barium, which is expected to increase the SO4/Cl ratio compared to produced 
water, although there is great variance.   
 For each sampling site, the data is generally grouped, giving each a distinct signature. At 
the sampling sites, all sites have many recorded values of SO4/Cl ratios greater than the expected 
range for inland surface water (Wilson, 2013).  Loyalhanna Creek and Conemaugh-Seward have 
values for the Br/Cl ratio that fall within the expected range for inland surface water (Figure 3- 
17).  Conemaugh-Tunnelton, Kiski, L&D 5, and Tarentum all seem to have relatively similar 
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Figure 3- 17: Bromide/Chloride to Sulfate/Chloride Ratio graphs for All Study Sites 
Compared to Expected Ratios for Different Pollution Sources.   
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ranges for Br/Cl ratios, higher than the observed values for Loyalhanna Creek and Conemaugh-
Seward.  Blacklick Creek has a wider spread of values, but is generally grouped with a higher 
Br/Cl ratio and a lower SO4/Cl ratio (Figure 3- 17).   
 Historic data shows that the SO4/Cl ratio at each of the sites has decreased greatly since 
the 1960s (Figure 3- 18).  Historically, Blacklick Creek consistently had the highest observed 
ratios.  The ratio in Blacklick Creek have continued to decrease since 2013 and values are similar 
to those of Loyalhanna Creek (Figure 3- 9).  In Blacklick Creek, peak of this ratio occur in fall 
months, with lowest SO4/Cl ratios during winter and spring months (Figure 3- 9).  The bromide 
to chloride ratio, on the other hand, has seen little to no change since 2013 (Figure 3- 21).  
Blacklick Creek still has the highest observed ratio, followed closely by Conemaugh-Tunnelton.  
The ratio values for Conemaugh-Seward and Loyalhanna Creek are much lower and often the 
value for bromide was below the detection limit, making the ratio 0.  Values for Conemaugh-
Tunnelton back through 2009 show that there has been a slight decreasing trend in Br/Cl values 
(Figure 3- 20).  At Blacklick Creek, there has been no change in this ratio since 2013 (Figure 3- 
21). At Blacklick Creek, Br/Cl ratios decrease slightly in winter and spring months (December to 
April) compared to summer and fall months (Figure 3- 21).   
3.3.2.8 Calcium/Strontium and Calcium/Magnesium Ratios 
Calcium/strontium to calcium/magnesium (Ca/Sr : Ca/Mg) graphs can help to distinguish 
between sites and between sources of pollution.  Abandoned mine drainage, conventional 
wastewater, and road salt do not contain much strontium, giving them high calcium to strontium 
ratios.  Marcellus wastewater picks up strontium from the formation that returns to the surface in 
the produced water.  The Marcellus produced water have much lower Ca/Sr ratios (Kondratyuk,  
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Figure 3- 18: Comparison of Sulfate to Chloride Ratio between Sites Since the 1960s.   
 
  
Figure 3- 19: Comparison of Sulfate to Chloride Ratio between Loyalhanna Creek and 
Blacklick Creek. 
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Figure 3- 20: Comparison of Bromide to Chloride Ratios Over Time at Some Sites in the 
Kiskiminetas Watershed.   
 
 
Figure 3- 21: Comparison of Bromide to Chloride Ratios between Loyalhanna Creek and 
Blacklick Creek.  
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2016 [unpublished]).  Applying this ratio to the data collected can help distinguish between the 
chemical signatures of each site.   
 Each of the current sites has a data set that is grouped, showing a specific signature for 
that site (Figure 3- 22).  All of the current sites fall into a similar range with the 
calcium/magnesium ratio, while the calcium/strontium ratio distinguishes between sites.  
Loyalhanna Creek and Conemaugh-Seward have the greatest calcium/strontium values, followed 
by Allegheny L&D5 and then Allegheny Tarentum (Figure 3- 22B).  Blacklick Creek has a 
greater spread of values with the lowest Ca/Sr ratio.  Kiski-Leechburg and Conemaugh-
Tunnelton falls in the middle, with Ca/Sr values greater than Blacklick, but lower than The 
Allegheny sites (Figure 3- 22, Figure 3- 23).  It appears the ratios at all sites have remained 
consistent throughout the study, except the Ca/Sr ratio since beginning of sampling at Blacklick 
Creek has decreased.    
Historic ratios for Blacklick Creek and Conemaugh-Tunnelton were obtained through the 
EPA STORET.  The Conemaugh-Tunnelton average values from 1986-1988 show a similar 
range compared to today, but the values show an increase between years, with the 1988 average 
having the highest Ca/Sr ratio.  The Blacklick Creek average data from 1986-1988 is grouped 
with a distinct signature and the Ca/Sr ratio is much higher than the current observed values with 
less variation (Figure 3- 22).   
3.3.2.9 Calcium/Strontium to Bromide/Chloride Ratios 
 The ratios that have provided the most separation between sites, Ca/Sr and Br/Cl, were 
compared to each other to gain further distinction between sites.  As with the other graphs, 
Blacklick often has great separation from the other sites, with a lower Ca/Sr ratio and a higher 
Br/Cl ratio (Figure 3- 24).  It is then followed by Conemaugh-Tunnelton and Kiski-Leechburg, 
which have a lower Ca/Sr ratio compared to the other sites, but a similar spread for Br/Cl.  
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Conemaugh-Seward and Loyalhanna Creek are separated with the highest Ca/Sr values and the 
lowest Br/Cl ratios.  There is a more distinct separation between the Allegheny sites, with L&D5 
having a higher Ca/Sr ratio compared to L&D2 (Figure 3- 24).   
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Figure 3- 22: Calcium/Strontium to Calcium/Magnesium ratio graphs for All Study Sites 
Compared to Expected Ratios for Marcellus Produced Water.    
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Figure 3- 23: Comparison of Calcium to Strontium Ratios between all Sites in the 
Kiskiminetas Watershed.   
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Figure 3- 24: Calcium/Strontium to Bromide/Chloride Ratio Comparison between All 
Sampling Sites.   
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3.4 Discussion 
  Through GIS spatial analysis, it becomes clear that there are significant amounts of 
activity that occur within the Allegheny and Kiskiminetas watersheds and those mapped are only 
a portion of the potential pollution sources.  This presents a large potential for impacts on our 
surface water systems.  Much of the activity overlaps, they are not isolated events; although the 
impacts from each source are generally understood, it is still unknown what the potential 
synergistic effects may be when multiple sources impact an aquatic system.   
 The methods applied for analysis of the historic data used in this study are comparable 
enough to provide a general overview of the water quality in the steams over time.  The historical 
data for each site and parameter was obtained through the EPA STORET database.  The data 
used in this study was collected by the Army Corps of Engineers (COE Huntington District), the 
PADEP, and the USGS.  All of the historical data used was collected by a government agency, 
which all used the same standard methods for collection and analysis of data.  All of the historic 
data through the 1990’s was analyzed using the same methods.  The metals, which include the 
aluminum data used in this study, were analyzed using the specific code in the USGS 93-125, 
which accurately measures aluminum concentrations between 0.01 and 10 mg/L (Brown, 
Skougstad, and Fishman, 1970).  This method for aluminum analysis utilized atomic emission 
spectrometry with dc plasma.  Historical pH was analyzed under the same code, using the 
electrometry procedure.  Historic chloride levels were determined using the Mohr method.  The 
Mohr method has been shown to be an accurate measurement for chloride (Korkmaz, 2003), 
making these values comparable to the current chloride data.  Sulfate was historically measured 
using thorin-barium titration method, which measures samples under 200 mg/L, and the classical 
gravimetric method, which is the better method for levels over 200 mg/L.  The gravimetric 
method is still a widely taught procedure and provides reasonably accurate concentrations for 
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comparison with the current data (Brown, Skougstad, and Fishman, 1970).  The data obtained 
from the PADEP from 2009-2013 was analyzed through a certified lab, which used the same 
analysis procedures used in this study.   
Abandoned mine drainage (AMD) has been a pervasive problem in Pennsylvania since 
the industrial revolution.  When looking at AMD associated parameters, such as aluminum, 
sulfate, and acidity, there have been clear improvements in the water quality of these streams.  
Historically, all of the streams were more acidic due to the mass amounts of acid discharge from 
mines (Figure 3- 7).  Through the 1950s, Blacklick Creek was continually below a pH of 3, 
which is intolerable for nearly all aquatic life.  The low pH and high metal concentrations left 
streams without life.  The Kiskiminetas watershed, which was severely impacted by AMD, was 
measured to have some of the highest sulfate yields in tons per square mile up through the 1980s, 
contributing a large portion of the total sulfate in the Allegheny River (Sams and Beer, 2000).   
As the pH has recovered within the streams, metals released from adjacent rock has 
declined and the streams within the Kiskiminetas watershed have regained aquatic life.  There 
have been drastic decreases in aluminum and sulfate levels (Figure 3- 10, Figure 3- 12); current 
average sulfate levels are consistently below the secondary drinking water standard (SDWS) 
(250 mg/L) and although aluminum levels still often exceed its SDWS (0.05 mg/L) (Figure 3- 
11), levels are nearly 1000 times lower than recorded historically (Figure 3- 10, Figure 3- 12).  
Only Blacklick Creek, Kiski-Vandergrift, and Allegheny L&D5 have average levels that exceed 
the SDWS for aluminum.  For sulfate, most of the Kiskiminetas watershed sites have exceeded 
the SDWS, but it is rare; the greatest occurrence of exceedance was at Blacklick, with 4 of 59 
samples registering levels greater than 250 mg/L since 2013 (Table 3-6).  The pH level currently 
in each stream has returned to the ideal range (6.5 to 8.5) and very seldom have these sites varied 
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from this range (Figure 3- 8).  All sites stayed within this acceptable range except Blacklick 
Creek, which has had a few instances of low pH.    
 Most mine drainage emanates from abandoned mines that were in operation prior to 
modern regulations (Sams and Beer, 2000; PAFBC, 2016).  After passing SMCRA in 1977, new 
mines have been regulated to control the acid production reaction.  It has been modeled that the 
peak of acid production occurred between 5 and 10 years after mining and the acid production 
would gradually decline over the next 20 to 40 years (Ziemkiewicz and Meek, 1994).  
Concentrations of acidity, sulfate, and metals should decrease over time and eventually return to 
levels noted for unmined basins (Sams and Beer, 2000).  With this in mind, it has been 39 years 
since the passing of the SMCRA.  When comparing this to the modeled timeframe, most of the 
abandoned mines that existed prior to regulation, which are the main cause of AMD, should stop 
producing acidic drainage within the next few years.  This declining production is reflected by 
the data collected, with measures still decreasing over the 2-and-a-half-year sampling span, 
especially when looking at the SO4 concentration and SO4/Cl ratio (Figure 3- 12, Figure 3- 19).  
Blacklick Creek has had the highest observed impact from AMD, with sulfate, aluminum, and 
acidity levels greater than the other sites; these parameters as well as the SO4/Cl ratio at 
Blacklick Creek have continued to decline. At Loyalhanna Creek, the SO4/Cl ratio has not 
changed during the study period, likely due to the already low sulfate values and little mining in 
the system (Figure 3- 19).  This continued decline of these parameters may suggest that the 
treatment for AMD and reclamation of abandoned mine sites, which is very expensive (PADEP, 
1996), may be unnecessary to preserve overall water quality of the Allegheny as the acid 
production from abandoned mines continues to decrease toward undisturbed levels.  However, 
some individual tributaries may benefit from AMD remediation.   
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 Although it is clear from these data that sulfate levels have been decreasing, the data also 
shows that chloride concentrations have been increasing (Figure 3- 15), which could impact the 
SO4/Cl ratio.  There would be a decrease in the SO4/Cl ratio with a decrease in sulfate or an 
increase in chloride; both may be contributing to the decline in the ratio at sites like Blacklick 
Creek.  Chloride concentrations are becoming a concern in surface water.  As with all of the 
streams in the Kiskiminetas system, in the northeastern U.S., many streams are seeing an 
increase in chloride concentrations over time.  Chloride can be contributed through the use of 
road salt and salt brines for deicing of roads, conventional and unconventional natural gas 
extraction wastewater, among others.  The SDWS for chloride of 250 mg/L is used to prevent the 
salty taste of water during human consumption.  For freshwater life, a chronic level as low as 
250 mg/L can be harmful and acute concentrations up to 1000 mg/L can be lethal or sublethal 
(Kaushal, et al., 2005).   
The levels of chloride in the Kiski system have increased compared to the baseline levels 
since the 1960s (Figure 3- 15).  The use of road salt began in the 1940s, but the amount was very 
small, around 149,000 metric tons compared to the 18 trillion metric tons used today (Jackson 
and Jobbagy,2005).  In the Kiskiminetas watershed, all of the counties use a combination of road 
salt and salt brines for road deicing.  The Kiskiminetas system receives a large portion of the 
128,000 tons of road salt and the 826,000 gallons of salt brine applied each year within these five 
counties (Table 3-3).  With this amount of application, it is expected that levels of chloride will 
increase during the winter and snowmelt months (December to April).  Despite this, other studies 
have shown concentrations may be retained through the year due to retention in soil and 
groundwater (Kaushal, et al., 2005; Kelly, et al., 2008).  Furthermore, studies have shown that 
even if salt input decreases or ceases, concentrations of chloride in waterways may continue to 
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increase, potentially for decades (Kelly, et al., 2008).  With all of the potential sources of 
chloride within the Kiskiminetas watershed, this could potentially cause a problem in the future.  
Chloride has also been put into the system from both conventional and unconventional drilling 
wastewater released from treatment plants (Table 3-5).  The combination of sources could further 
increase the chloride concentrations within streams.  Unconventional and conventional 
wastewater are known to be high in chloride, which is not removed during the treatment process 
(Arnowitt, 2012).  Marcellus wastewater is reported as having some of the highest levels of 
chloride compared to other formations (Penn State, 2016).  The disposal of Marcellus wastewater 
through treatment facilities has been suggested to be linked to an overall increase in chloride 
concentrations at downstream sites in Western PA (Warner, et al., 2013). With several brine 
treatment plant within the Kiskiminetas watershed, the levels of chloride within the watershed 
are greater than in the Allegheny River.  However, there is an increase in the concentrations in 
the Allegheny River upstream and downstream of the Kiski input.  From L&D 5(A30) to 
Tarentum (A22), there is an increase in both the mean and maximum chloride concentration, 
although small (Figure 3- 14).  There is also a slight increase in chloride levels between 
Tarentum and L&D2, which is further downstream; this could potentially be caused by the 
increase in impervious surfaces and roadways as it is closer to Pittsburgh.    
Currently, although there has been an increase in chloride levels compared to the 
historical baseline, the concentrations are still far below the SDWS of 250 mg/L, with few 
exceedances occurring in Blacklick and Conemaugh-Tunnelton (Figure 3- 14).  However, the 
increase in average chloride at all of the Kiskiminetas sites (Figure 3- 15) could be an indication 
of a threat of reversing the trend toward better water quality with other activities in the region, as 
there are several sources of chloride within the watershed.  This is also suggested by other data 
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parameters in this study.  Total dissolved solids, which is also related to salination, is a general 
water quality parameter that can indicate that there is a human induced problem within the 
stream.  Nearly all of the sites in the Kiskiminetas watershed have exceeded the SDWS, but none 
have an average that exceeds the standard (Figure 3- 9).  Blacklick Creek, which is known to 
receive TDS from AMD, road salt, and the Josephine Brine Treatment Plant, has the highest 
average TDS and exceeded the standard eight times (more than any other site), with maximum 
levels nearly 1200 mg/L, nearly six times the recommended standard (Figure 3- 9).  There is an 
increase in the TDS concentrations of the Allegheny River downstream of the Kiski input.  The 
Kiski enters the Allegheny just downstream of L&D5 (A30).  The total dissolved solids 
concentration increase from L&D5 (112.89 mg/L) to Tarentum (A22) (183.44 mg/L), which is 
downstream of the input.  The level stays elevated compared to the L&D5 value at L&D2 
(146.25 mg/L), which is further downstream toward Pittsburgh (Figure 3- 9).  The Allegheny 
Tarentum site has even exceeded the SDWS with one sampling measuring 1140 mg/L since 
sampling began there in 2014.  The Allegheny has only ever exceeded the TDS SDWS at 
Tarentum.  This suggests that the activity in the Kiski system is impacting the Allegheny River 
water quality.   
Although TDS does indicate that there are potential water quality risks, it does not 
distinguish between sources.  Looking at ratio values, the potential pollution sources are better 
suggested.  One significant parameter when looking at ratios is bromide.  Bromide is associated 
with both conventional and unconventional wastewater and in surface water bromide 
concentrations are naturally very low (VanBriesen, 2011; Wilson, 2013).  With a maximum 
observed concentration of 2,240 mg/L of bromide in natural gas wastewater and no regulations 
for bromide discharge levels (Dressel and Rose, 2010; Wilson and VanBriesen, 2012), there is a 
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significant input from brine treatment plants.  Bromide itself does not have a secondary drinking 
water standard so the drinking water standard for THMs (0.08 mg/L) is used for comparison, 
although there is not a one to one ratio between bromide and THMs.  Blacklick Creek is known 
to have received both conventional and unconventional wastewater discharged from the 
Josephine Brine Treatment Plant until the 2011 PADEP request to drillers to stop sending 
unconventional wastewater for discharge.  The values observed at Blacklick for bromide greatly 
exceed the levels in any other stream (Figure 3- 16).  These levels are best compared to 
Loyalhanna Creek and Conemaugh-Seward, which do not have brine treatment plant input 
(Figure 3- 6). At each of these sites, the levels are very low, never exceeding the THM standard 
of 0.08 mg/L (Figure 3- 16).  The average bromide level at Blacklick Creek was just over 0.5 
mg/L, with maximum observed levels over 3 mg/L.  Each site downstream of Blacklick Creek 
input, which also receive discharge from brine treatment plants (Figure 3- 6), also reflects higher 
levels compared to Loyalhanna Creek and Conemaugh-Seward.  Conemaugh-Tunnelton, which 
is downstream of the Blacklick Creek input, has the next highest average and maximum levels, 
followed by the Kiski sites, which both have elevated levels of bromide.  In the Allegheny River 
data, this pattern is not observed.  The means at each of the sites are nearly the same, although 
L&D2 has a slightly higher mean.  L&D5 has the greatest observed max and its mean is not 
significantly different than Tarentum (Figure 3- 16), which is unexpected due to the high load 
input from the Kiski.  This could potentially be due to the difference in sampling period, as 
sampling at Tarentum only began in 2014.   
Comparing the bromide concentration to the chloride and sulfate concentrations gives 
each site a distinct chemical signature to distinguish the potential pollution contributors at each.   
The Br/Cl ratio at Blacklick is the highest, followed by Conemaugh-Tunnelton (Figure 3- 17).  
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These levels are much greater than the observed levels in Loyalhanna and Conemaugh-Seward, 
which have not received input from Brine Treatment Plants.  At Blacklick Creek, the Br/Cl ratio 
has not changed since 2013 (Figure 3- 21).  With Br and Cl data back to 2009, during the rise of 
unconventional natural gas extraction, the Br/Cl levels at Conemaugh-Tunnelton were compared 
over time.  There is only a very slight downward trend in the Br/Cl ratio since 2009 (Figure 3- 
20), despite the 2011 PADEP request to stop unconventional wastewater discharge into streams, 
suggesting that there has been little to no change in the bromide and chloride level.   
Impacts from brine wastewater are also suggested when comparing the Br/Cl ratio to 
SO4/Cl (Figure 3- 17).  Compared to the typical value range for surface water, all of the sites, 
except the Allegheny at L&D5 and potentially Allegheny Tarentum, appear to be impacted by 
AMD, with a greater SO4/Cl ratio (Figure 3- 17).  At Blacklick, the values have a great range, 
with some falling within the inland surface water range and others fall greatly toward a higher 
SO4/Cl ratio.  This could potentially be due to the increased chloride levels that Blacklick 
receives from the conventional and unconventional discharge from the Josephine Brine Water 
Treatment Plant (Figure 3- 14), as the observed maximum sulfate concentrations at Blacklick are 
still the highest compared to other sites (Figure 3- 13).  Looking at the Br/Cl ratio, all of the sites 
except Loyalhanna and Conemaugh-Seward fall above the inland surface water expected value 
range (Figure 3- 17).  Small increases in bromide can cause big changes in the Br/Cl ratio.  
Blacklick has the highest Br/Cl ratio, trending towards the expected range for brine treatment 
and Marcellus produced water (Wilson, 2013; Kondratyuk, 2016 [unpublished]), followed by 
Conemaugh-Tunnelton, Kiski, Allegheny L&D5 and Tarentum.  All of these sites, except the 
L&D5 site, are downstream of the Blacklick input, compared to Loyalhanna and Conemaugh-
Seward, which do not receive input from Blacklick Creek (Figure 3- 17).   
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To further distinguish between pollution sources, comparison between Ca/Sr and Ca/Mg 
ratios also give each site a distinct chemical signature compared to pollution source signatures.  
Although bromide levels could indicate either conventional or unconventional wastewater 
pollution, high strontium levels are only associated with unconventional drilling (Table 3-6).  
The Marcellus has slightly less calcium, much less magnesium, and much more strontium than 
any other brine found in PA (Barbot, et al., 2013).  Marcellus produced water has a lower Ca/Sr 
ratio than other sources due to high concentrations of strontium.  Each site again has its own 
distinct chemical signature, with the greatest separation occurring in the Ca/Sr ratio.  
Conemaugh-Seward and Loyalhanna Creek have the highest Ca/Sr values, followed by 
Allegheny L&D5 and then Allegheny-Tarentum.  Conemaugh-Tunnelton and Kiski-Leechburg 
fall in the middle and Blacklick has the lowest values (Figure 3- 22).  This same trend can be 
seen when comparing Ca/Sr to Br/Cl (Figure 3- 24), giving a more distinct separation between 
L&D5 and L&D2 and suggesting impacts on the Allegheny following the Kiskiminetas input.   
Historic values for Ca/Sr to Ca/Mg for Blacklick and Conemaugh-Tunnelton were 
obtained from the EPA STORET for 1986-1988.  At Conemaugh-Tunnelton, the historic and 
current values generally fall in the same range, although the historic values have a greater spread, 
rather than being grouped (Figure 3- 22).  At Blacklick Creek, the historic values are grouped 
together and reflect a much higher Ca/Sr ratio compared to the current values for Blacklick 
(Figure 3- 22).  This signifies that there has been a change compared to the baseline and may 
suggest impacts from unconventional wastewater.  On top of this, the Ca/Sr values for Blacklick 
Creek have actually decreased over time during the study period, rather than showing a recovery 
toward expected values (Figure 3- 23).   
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The data suggests that the activity of discharging treated conventional and 
unconventional wastewater is affecting the water quality of streams.  It also suggests that despite 
the request to cease unconventional discharge and the new regulations for discharge 
concentrations, these values remain elevated.  Given the high concentrations of TDS parameters 
in wastewater compared to surface water, even small inputs can impact freshwater quality 
(Vengosh, et al., 2014), and this study suggests that it has, which is also reflected in other 
studies.  The values throughout the study period do not signify a recovery over time; rather the 
values have either not changed or decreased.  Furthermore, the impacts on Blacklick Creek, 
which are suggested to be the greatest, have flowed downstream and each site following, which 
also receive input from brine treatment plants, also has observed trends in the direction of 
expected values for brine treatment plants.  A study by Warner, et al. (2013) supports the 
observation that the discharge of brine wastewater has impacted streams.  The Warner, et al. 
(2013) study observed increased radioactivity in the sediment of Blacklick Creek downstream of 
the treatment plant compared to upstream levels.  The levels were nearly 200 times greater than 
upstream and background values and above the radioactive waste disposal threshold regulation, 
posing potential associated environmental risks.   
Although great improvements have been made in the Kiskiminetas system and Allegheny 
River with regards to certain water quality parameters, the data suggests that we may be undoing 
some of the progress in other areas.  There are new pollution sources that have developed that 
need further regulations to control the new threats to water quality.   Many of the parameters that 
are affected only have recommended secondary drinking water standards in surface water.  These 
standards do not prevent harmful levels of these pollutants for both humans and aquatic life.   
Elevated bromide levels within a stream can have significant human health effects; although it 
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itself is not harmful, once treated through chlorination, bromide creates brominated 
trihalomethanes (THM).  THM’s are a carcinogenic and potentially teratogenic disinfectant 
byproduct (Cyprych, et al., 2013; Wilson, 203).  A study by Cyprych, et al., (2013). suggests that 
the increase in bromide in the Allegheny River, following the Kiskiminetas input, has increased 
the occurrence of THMs in drinking water.  The data presented here, as well as data from other 
studies, suggest that these pollution sources are not only affecting the Kiskiminetas watershed, 
but travel downstream and affect the water quality of the Allegheny River, with changes between 
the sites upstream and downstream of the Kiskiminetas input shown in concentrations of TDS, 
sulfate, chloride, and the Br/Cl: SO4/Cl, Ca/Sr: Ca/Mg, and Ca/Sr: Br/Cl comparisons.   
3.5 Future Directions 
 It is important for the monitoring of this river system, as well as others, to be continued to 
help form a bigger picture of the overall water quality.  Long term monitoring will allow the 
opportunity for comparison in changes in water quality and can help to detect and control major 
pollution sources as necessary.  Monitoring should continue for the parameters studied to help 
associate pollution with existing or new potential sources.  Monitoring of new sites should be 
incorporated for the future, to create a water quality baseline prior to problems arising, in order 
to truly evaluate the effects.   
 As synergistic effects between pollution sources are not well understood, studies should 
push for ways to incorporate this aspect.  In the future, barium should be added to this study to 
further understand the interaction of AMD and natural gas extraction wastewater, due to the 
interactions of sulfate and barium.  The combination of barium and sulfate ions created barium 
sulfate (BaSO4) (Vetter, 1975).  High barium levels are input from natural gas extraction 
wastewater and brine treatment facilities (Rozell and Reaven and Reaven, 2012; Warner, et al, 
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2013; Vengosh, et al., 2014).  When the increased barium levels meet the sulfate input from 
AMD, it will create the barium sulfate precipitate.  This may reduce the concentration of sulfate 
observed in streams with elevated barium levels, mimicking a non- or less impacted system, and 
could potentially conceal pollution problems within a stream.  Barium could be a key parameter 
in determining the interaction between brine water sources and AMD pollution.  Sediment 
samples could also be used to indicate this interaction, measuring the amount of precipitate 
formed.   
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CHAPTER 4: CONCLUSIONS 
 This study focuses on only a small portion of the data collected through the 3 Rivers 
QUEST program.  This area was selected as a priority due to the issues that have been seen 
within the Kiskiminetas system from many different sources.  It seems to be the system within 
the Allegheny watershed with the biggest issues and has the biggest impact on the water quality 
of the Allegheny River; the data suggests that within the watershed, Blacklick Creek is the most 
impacted, with several pollution contributors, and warrants continued monitoring.  The analysis 
from this study will allow for future comparison between the sites monitored by Duquesne 
University, and will allow for continued monitoring and analysis of the water quality within this 
system.  This analysis should help aid in future analyses of the collected data, pointing out many 
of the major parameters and ratios to look at, as well as defining the gaps in data that could 
provide further information.   
 Comprehensive water quality monitoring programs, such as 3 Rivers QUEST, are an 
important fundamental program for the future.  These programs allow for evaluation of current 
water quality, as well as providing a baseline for future water quality measures.  The data 
collected through this study provides an insight to the major pollution problems occurring within 
the Kiskiminetas and Allegheny Watersheds.  
 In the development of the program, 3 Rivers QUEST has focused on expanding the 
REACH (Research Enhancing Awareness via Community Hydrology) aspect.  3 Rivers QUEST 
has continued to work on establishing partners in the Ohio and Allegheny Regions and 
establishing REACH coordination with the local community groups to further its study area.  
This program helps to get people involved in protecting a natural resource that we are all reliant 
on, making the public more aware of the issues, and allowing them to contribute to the cause.  
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With this aspect in mind, 3 Rivers QUEST hosts the Convergence at the Confluence conference.  
This event allows the program to gather all of its network, including research partners, watershed 
groups and citizens participating, as well as those interested in the program.  It is an informative 
event that presents the opportunity for those involved to see the different ways the data is being 
evaluated, to learn about different aspects of water quality, and to gage the overall quality of the 
streams in their community.   
The future focus of 3RQ is to extend the REACH aspect of the program, allowing its data 
to become more accessible.  3 Rivers QUEST will continue to work on creating a more user 
friendly database that allows the information to be accessible and utilized by the public as well as 
the partners of the program.  3RQ will also continue to support additional graduate students to 
interpret other aspects of the database.   
This study will play into the REACH aspect of the program by providing an analysis of 
the water quality data collected, helping to signify the pollution sources of most concern and 
providing a baseline of analysis to follow in the future.  It will also continue to engage the 
community of its partners, including providing graduate support to students for further analysis 
of the watersheds.   
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APPENDICES 
Appendix A: Additional Results  
Determined to be insignificant for this Paper 
 
Figure A- 1:  Sulfate to Chloride Ratio for All Study Sites 
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Figure A- 2: Bromide to Chloride Ratio for All Study Sites 
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Figure A- 3: Sulfate/Chloride to Bromide Ratio for All Study Sites. 
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Figure A- 4: Bromide/Chloride to Sulfate Ratio for All Study Sites. 
 
 
Figure A- 5: Bromide/Chloride to Chloride Ratio for Conemaugh, Blacklick, and 
Loyalhanna Sites.   
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Figure A- 6: Comparison of Calcium to Strontium Concentration over time in Blacklick 
Creek. 
 
Figure A- 7: Comparison of Calcium and Strontium Concentrations at Blacklick and 
Conemaugh-Tunnelton.   
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Figure A- 8: Comparison of Calcium/Strontium Ratios between Sites, Including Data from 
EPA STORET.  
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Table A-1: Exceedance Table for pH 
# Samples 
Collected  
Site ID Mean  Maximum 
observed 
Minimum observed # of times 
above 
DWS 
# of times 
under 
DWS 
Kiskiminetas Watershed Sites 
29 C75 7.231034 7.8 6.7 0 0 
28 BL 6.635714 7.9 5.3 0 8 
29 C37 7.327586 7.8 6.8 0 0 
29 LY 7.52069 9.4 6.9 1 0 
3 KS-L 7.133333 7.2 7.1 0 0 
25 KS 7.432 8.1 6.8 0 0 
Allegheny River Sites 
29 A30 7.482759 7.8 7 0 0 
3 A22 7.2 7.4 7.1 0 0 
29 A6 7.548276 8.7 7 1 0 
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Table A-2: Exceedance Table for Aluminum 
# Samples 
Collected  
Site ID Mean Aluminum Maximum Observed # of times 
above SDWS 
Kiskiminetas Watershed Sites 
58 C75 0.04834483 0.27 26 
58 BL 0.12713793 1.2 22 
58 C37 0.03791379 0.27 7 
59 LY 0.04745763 0.32 21 
33 KS-L 0.04090909 0.099 12 
25 KS 0.05628 0.12 13 
Allegheny River Sites 
59 A30 0.10898305 4.3 13 
33 A22 0.03845455 0.086 9 
59 A6 0.04225424 0.41 12 
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Table A-3: Sulfate Exceedance Table 
# Samples 
Collected 
Site Id Mean Sulfate  Maximum 
Observed  
# of times 
above SDWS 
Kiskiminetas Watershed Sites 
59 C75 138.0831 275 3 
58 BL 119.8828 392 4 
59 C37 125.9339 310 4 
59 LY 32.44915 66.7 0 
33 KS-L 131.0758 269 3 
25 KS 118.184 204 0 
Allegheny River Sites 
59 A30 25.22712 41.9 0 
33 A22 34.74545 69.2 0 
59 A6 39.19661 72.4 0 
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Table A-4: Chloride Exceedance Table 
# Samples 
Collected 
Site Id Mean Chloride Maximum 
observed  
# of Times 
above the 
SDWS 
Kiskiminetas Watershed sites  
59 C75 32.00508 71.2 0 
58 BL 83.38793 502 4 
59 C37 42.91864 364 1 
59 LY 21.3322 75.6 0 
33 KS-L 42.05152 79.9 0 
25 KS 35.208 54.4 0 
Allegheny River Sites  
59 A30 15.8322 28.7 0 
33 A22 21.32727 65.8 0 
59 A6 25.8322 176 0 
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Table A-5: Total Dissolved Solid Exceedance Table 
# Samples 
Collected  
Site ID Mean  Maximum 
observed 
# of Times 
above the 
SDWS 
Kiskiminetas Watershed Sites   
59 C75 296.9661 523 2 
58 BL 345.0172 1180 11 
59 C37 294.9661 676 5 
59 LY 128.0339 209 0 
33 KS-L 304.3939 577 3 
25 KS 297.16 494 0 
Allegheny River Sites   
59 A30 112.1186 203 0 
33 A22 161.1212 1140 1 
59 A6 145.7966 236 0 
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Appendix B: 3 Rivers Quest Raw Data 
 
Table B- 1: L&D2 Raw Data for Alkalinity, Aluminum, Bromide, Calcium, Chloride, iron, 
Magnesium, and Manganese.   
Collection 
Date 
Alkalinity 
 (mg/L) 
Aluminum  
(mg/L) 
Bromide 
(mg/L) 
Calcium 
(mg/L) 
Chloride 
(mg/L) 
Iron 
(mg/L) 
Magnesium 
 (mg/L) 
Manganese 
 (mg/L) 
01/23/13 28 0.11 0.05 18.1 14.4 0.27 5.1 0.11 
02/04/13 44 0.051 0.048 13.6 18 0.1 3.7 0.09 
02/20/13 34 0.025 0.083 23.3 27.5 0.093 6.6 0.18 
03/06/13 24 0.025 0.065 24.8 42.6 0.086 7 0.19 
03/18/13 24 0.025 0.047 17.6 42.3 0.088 4.9 0.096 
04/03/13 22 0.055 0.085 23.9 26.3 0.035 6.8 0.13 
04/17/13 28 0.025 0.038 14.7 14.9 0.08 3.9 0.07 
04/29/13 44 0.025 0.088 23.4 18.5 0.035 6.4 0.16 
05/13/13 34 0.025 0.21 25.7 22.2 0.035 7.1 0.078 
05/29/13 32 0.025 0.086 26.1 25.6 0.035 7.7 0.061 
06/10/13 36 0.025 0.044 19.2 15.6 0.035 4.9 0.031 
06/24/13 38 0.079 0.046 19.3 15.3 0.22 5 0.084 
07/10/13 48 0.025 0.037 20.6 15.9 0.1 5.5 0.12 
07/24/13 44 0.025 0.076 26.2 19.8 0.035 7.3 0.029 
08/05/13 44 0.025 0.076 30.1 21.3 0.035 8.5 0.022 
08/19/13 42 0.025 0.084 29.8 22.1 0.035 8.9 0.046 
09/02/13 40 0.025 0.067 29.4 21.1 0.035 8.3 0.012 
09/16/13 44 0.025 0.096 32.6 29.6 0.035 9.6 0.016 
09/30/13 50 0.025 0.097 28.1 26.2 0.035 8 0.051 
10/14/13 50 0.025 0.11 27.5 27.7 0.035 7.6 0.029 
10/28/13 50 0.025 0.08 27.8 23.9 0.035 7.2 0.042 
11/11/13 44 0.025 0.077 23.7 20.9 0.035 6.2 0.026 
11/18/13 44 0.025 0.083 23.6 20.8 0.095 5.5 0.049 
12/02/13 30 0.025 0.058 22.3 23.9 0.1 6.4 0.14 
12/16/13 36 0.025 0.069 20.2 34.1 0.072 5.4 0.089 
01/06/14 30 0.025 0.061 18.9 30.5 0.084 5.3 0.25 
01/20/14 24 0.025 0.047 16.6 21.3 0.099 4.5 0.11 
02/21/14 46 0.025 0.095 34.5 85.6 0.035 9.4 0.23 
03/10/14 32 0.025 0.075 27.5 33.8 0.071 7.5 0.16 
03/24/14 24 0.059 0.05 14.9 18.8 0.089 4.2 0.1 
04/07/14 24 0.062 0.048 16.9 18.8 0.1 4.7 0.1 
04/23/14 32 0.025 0.053 18.8 18 0.075 5.1 0.16 
05/05/14 30 0.025 0.047 16.7 14.5 0.094 4.7 0.089 
05/22/14 28 0.41 0.043 14.9 12.2 0.67 4.1 0.1 
06/05/14 36 0.025 0.066 20 19.6 0.035 5.4 0.11 
06/19/14 28 0.025 0.042 16.4 11.3 0.11 4.4 0.021 
06/30/14 25 0.025 0.043 14.8 9.6 0.15 4.4 0.023 
07/14/14 36 0.053 0.068 20.7 18.2 0.035 6 0.0071 
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Table B-1 Continued 
Collection 
Date 
Alkalinity 
 (mg/L) 
Aluminum 
(mg/L) 
Bromide 
(mg/L) 
Calcium 
(mg/L) 
Chloride 
(mg/L) 
Iron 
(mg/L) 
Magnesium 
 (mg/L) 
Manganese 
(mg/L) 
07/29/14 40 0.025 0.091 23.2 19.1 0.035 6.6 0.011 
08/12/14 40 0.025 0.062 21.1 19.8 0.035 5.6 0.012 
08/26/14 40 0.025 0.097 21.2 18.1 0.035 6.1 0.0084 
09/10/14 46 0.025 0.11 29.4 26.2 0.035 8.2 0.0079 
09/22/14 50 0.025 0.097 24.5 23.6 0.035 6.7 0.0025 
10/06/14 52 0.025 0.18 27.4 26 0.035 7.7 0.0078 
10/20/14 42 0.025 0.19 26.4 23.8 0.035 7.3 0.011 
11/05/14 48 0.025 0.12 23.8 19.6 0.035 6.3 0.043 
11/19/14 50 0.025 0.068 23.9 21 0.084 6 0.038 
12/03/14 44 0.025 0.05 20.4 19.6 0.14 5.3 0.05 
12/15/14 44 0.025 0.046 17.4 16.9 0.084 4.6 0.06 
01/07/15 32 0.025 0.029 18.3 19.3 0.11 5 0.097 
02/11/15 50 0.025 0.092 29.1 57.5 0.035 8.3 0.13 
03/11/15 42 0.084 0.061 25.3 176 0.15 6.7 0.15 
03/25/15 30 0.23 0 17.8 18.7 0.34 5.1 0.18 
04/06/15 26 0.071 0 17.6 16 0.17 5 0.11 
04/22/15 34 0.025 0 19.6 16.4 0.081 5.4 0.12 
05/04/15 38 0.054 0.034 21.9 22.8 0.072 6.5 0.17 
05/19/15 48 0.025 0.057 24.5 22.3 0.035 7 0.0092 
06/04/15 44 0.025 0.06 21.8 17.1 0.035 6 0.016 
06/15/15 48 0.025 0.058 20.6 21.6 0.035 5.6 0.015 
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Table B- 2:  L&D2 Raw Data for pH, Sodium, Specific Conductance, Strontium, Sulfate, 
Sulfur, TDS, TSS, Discharge, and Temperature.   
Collection 
Date 
pH 
at 
25oC 
Sodium
(mg/L) 
Specific 
Conductance 
(umhos/cm) 
Strontium 
(ug/L) 
Sulfate 
(mg/L) 
Sulfur 
(mg/L) 
Total 
Dissolved 
Solids 
(mg/L) 
Total 
Suspended 
Solids 
(mg/L) 
Discharge 
(cfs) 
Water 
Temp 
(°C) 
01/23/13 7.5 12.1 173  31.2 11.7 124 29 22000 1 
02/04/13 7.3 12.2 178  23.7 7.8 76 23 54000 1 
02/20/13 7.6 18.7 308  39.7 14.6 156 8 18000 2 
03/06/13 7.6 31.1 387  43.7 17.1 191 7 19000 2 
03/18/13 8.7 15.5 236  57.6 10.3 100 7 28000 4 
04/03/13 7.5 16.8 301  39.1 13.3 152 5 29200 6 
04/17/13 7.4 10.7 183  24.1 8.6 44 16 46000 10 
04/29/13 7.6 14.2 261  41.7 16.4 123 20 17800 13 
05/13/13 7.6 17.1 297  57.2 18.3 187 4 18000 17 
05/29/13 7.7 16.1 303  55.7 18.9 140 6 7200 20 
06/10/13 7.7 12.4 199  25.8 9.6 108 9 24000 20 
06/24/13 7.2 12.2 216  23.4 10.3 128 7 9200 24 
07/10/13 7.8 12.3 222  26.6 12.4 144 22 13000 24 
07/24/13 7.5 15.3 276  36.8 16.5 141 12 10300 27 
08/05/13 7.4 17.4 307  44.3 19.2 192 10 5000 24 
08/19/13 7.4 18.4 369  55.9 23.5 186 6 5300 23 
09/02/13 7.4 16.7 311  48.1 20 172 24 11000 24 
09/16/13 7.6 21.8 342  42.5 25.7 195 9 6000 22 
09/30/13 8.2 20.2 334  49.6 19.1 236 8 5700 19 
10/14/13 8 18.4 367  54.3 18.2 150 4 6300 19 
10/28/13 8 17.5 309  43.3 15.8 187 4 9600 13 
11/11/13 7.4 14.5 265  36.4 12.7 145 12 22000 9 
11/18/13 7.5 15.4 254  30.3 11.1 147 16 21000 6.7 
12/02/13 7.3 16.4 266  44.4 15.6 160 10 20000 2.7 
12/16/13 7.3 24 308  31.4 11.4 232 4 14800 1 
01/06/14 7.1 22.1 262  32.2 11.8 148 62 24800 0.4 
01/20/14 7.2 12.6 202  29.5 9.9 98 40 32500 1 
02/21/14  42.6 513 162 72.4  202  10200 3 
03/10/14 7.4 19.8  127 50.5  123  9500 2 
03/24/14 7 11.3  72.7 29.1  142  28500 4 
04/07/14  13.6  81 28  118  52500 7 
04/23/14  17  86.9 30.6  148  21500 11.6 
05/05/14  17  107 30.6  112  34000 10.8 
05/22/14  8.5  64.8 23.6  70  80000 14.5 
06/05/14  13.6  98.3 34.3  128  13750 21.1 
06/19/14  9.1  77 27.8  109  50000 21.1 
06/30/14  8.2  72.3 24.6  121  37000 21.5 
07/14/14  11.3  96.2 40.2  164  13500 24.6 
07/29/14  14.5  113 42.3  138  14750 23.2 
08/12/14  12.8  106 41.4  146  11500 22.6 
08/26/14  12.2  106 40.7  144  13000 23.7 
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Table B-2 Continued 
Collection 
Date 
pH 
at 
25o
C 
Sodium
(mg/L) 
Specific 
Conductance 
(umhos/cm) 
Strontium 
(ug/L) 
Sulfate 
(mg/L) 
Sulfur 
(mg/L) 
Total 
Dissolved 
Solids 
(mg/L) 
Total 
Suspended 
Solids 
(mg/L) 
Discharge 
(cfs) 
Water 
Temp 
(°C) 
09/10/14  16.6  166 59.5  191  9000 24.8 
09/22/14  15.8  116 41.1  156  5300 20.1 
10/06/14  18  141 47.7  161  6150 18.3 
10/20/14  18  134 44.3  173  11000 14.8 
11/05/14  15.3  115 40.8  136  10500 11.8 
11/19/14  14.7  102 36.6  175  10200 5.7 
12/03/14  13.9  93.2 29.1  110  16000 4.6 
12/15/14  11.5  77.6 24.7  88  16500 3.5 
01/07/15  13.5  79.1 29.9  90  37000 1.2 
02/11/15  39.1  141 55.4  174  14500 0.4 
03/11/15  34.7  119 69.9  218  31000 0.5 
03/25/15  12.8  92.6 28.9  165  42500 3.4 
04/06/15  11.9  75 27.9  125  47000 6.7 
04/22/15  12.4  86.9 29.3  167  36500 12.1 
05/04/15  14.6  112 47.6  143  18000 13.2 
05/19/15  16.1  122 40.5  150  16000 21.7 
06/04/15  12.3  94.4 42  93  22000 20.2 
06/15/15  16.1  104 32.8  160  37000 23.6 
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Table B- 3: L&D 5 Raw Data for Alkalinity, Aluminum, Bromide, Calcium, Chloride, iron, 
Magnesium, and Manganese. 
Collection 
Date 
Alkalinity 
(mg/L) 
Aluminum 
(mg/L) 
Bromide 
(mg/L) 
Calcium 
(mg/L) 
Chloride 
(mg/L) 
Iron 
(mg/L) 
Magnesium 
(mg/L) 
Manganese 
(mg/L) 
01/23/13 20 0.025 0.048 14.5 10.9 0.089 4 0.081 
02/04/13 25 0.059 0.06 11.3 12.2 0.11 3.1 0.064 
02/20/13 26 0.025 0.42 19.8 25.2 0.083 5.3 0.4 
03/06/13 34 0.025 0.063 21.1 22.6 0.1 5.8 0.26 
03/18/13 26 0.025 0.037 14 13.4 0.082 3.8 0.068 
04/03/13 32 0.025 0.071 20.4 19.9 0.073 5.7 0.12 
04/17/13 30 0.025 0.038 14.2 10.9 0.089 3.4 0.14 
04/29/13 52 0.025 0.09 19.5 14.7 0.091 5.2 0.32 
05/13/13 30 0.025 0.13 21.6 15.4 0.035 5.9 0.083 
05/29/13 42 0.025 0.067 20.9 17.3 0.035 6 0.09 
06/10/13 30 0.025 0.044 16.8 12.5 0.13 4.2 0.072 
06/24/13 22 0.025 0.038 16.5 11.6 0.11 4 0.15 
07/10/13 42 4.3 0 15.4 10.3 4.3 4.8 0.96 
07/24/13 36 0.025 0.075 24.6 15.8 0.035 7.1 0.041 
08/05/13 40 0.025 0.071 24.7 16.1 0.035 7.3 0.026 
08/19/13 50 0.025 0.079 25.8 17.9 0.035 7.3 0.033 
09/02/13 48 0.025 0.082 28 21 0.035 7.9 0.016 
09/16/13 50 0.025 0.077 26 20.1 0.035 7.2 0.064 
09/30/13 46 0.025 0.067 24.8 22.3 0.035 6.9 0.092 
10/14/13 50 0.025 0.11 23.6 24.5 0.035 6.7 0.034 
10/28/13 56 0.025 0.081 23.1 19.9 0.035 5.6 0.055 
11/11/13 34 0.025 0.083 20.4 18.5 0.087 5.3 0.059 
11/18/13 38 0.069 0.079 20.5 15.9 0.1 4.7 0.056 
12/02/13 36 0.025 0.074 19.1 19.5 0.11 5.1 0.11 
12/16/13 24 0.15 0.07 17.7 16.4 0.092 5.1 0.07 
01/06/14 28 0.025 0.049 15.6 16.6 0.081 4.3 0.11 
01/20/14 22 0.025 0.04 14.8 15.9 0.089 4 0.16 
02/21/14 40 0.19 0.031 17.2 6.3 0.21 4.1 0.22 
03/10/14 30 0.025 0.062 23.4 25.3 0.073 6.4 0.45 
03/24/14 20 0.059 0.05 13.2 13.8 0.085 3.4 0.06 
04/07/14 22 0.06 0.038 13.5 13.6 0.091 3.8 0.09 
04/23/14 30 0.025 0.047 15.6 14 0.074 4.2 0.12 
05/05/14 24 0.025 0.046 13.9 11.9 0.086 4 0.096 
05/22/14 27 0.025 0.043 13.1 10.6 0.091 3.3 0.062 
06/05/14 34 0.025 0.059 15.8 13.3 0.035 4.1 0.14 
06/19/14 28 0.059 0.04 15.2 9.2 0.12 3.9 0.033 
06/30/14 24 0.025 0.037 12 7.4 0.15 3.6 0.14 
07/14/14 38 0.025 0.068 17.3 13.7 0.088 4.6 0.094 
07/29/14 38 0.059 0.07 19.9 14.5 0.08 5.5 0.023 
08/12/14 40 0.025 0.063 19.7 18.7 0.035 5.2 0.048 
08/26/14 30 0.025 0.05 15.5 13.6 0.12 4.6 0.068 
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Table B-3 Continued 
Collection 
Date 
Alkalinity 
(mg/L) 
Aluminum 
(mg/L) 
Bromide  
(mg/L) 
Calcium 
(mg/L) 
Chloride 
(mg/L) 
Iron 
(mg/L) 
Magnesium  
(mg/L) 
Manganese 
(mg/L) 
09/10/14 44 0.025 0.075 19.7 17.1 0.035 5.4 0.036 
09/22/14 48 0.025 0.067 20.5 17.2 0.075 5.4 0.06 
10/06/14 54 0.025 0.1 22.8 24.8 0.035 5.9 0.04 
10/20/14 50 0.025 0.16 22.3 23.1 0.035 6 0.042 
11/05/14 44 0.025 0.13 18.6 16.5 0.075 4.6 0.062 
11/19/14 52 0.025 0.049 21 18.7 0.11 4.9 0.047 
12/03/14 46 0.025 0.041 17.3 15.3 0.12 4.5 0.056 
12/15/14 48 0.025 0.043 16.1 15.1 0.072 4 0.044 
01/07/15 32 0.067 0 14.6 12.7 0.12 3.8 0.069 
02/11/15 52 0.025 0.087 25.2 28.7 0.087 7.1 0.099 
03/11/15 46 0.082 0.046 15.3 7.8 0.087 3.5 0.034 
03/25/15 32 0.025 0 15.2 14.3 0.074 4 0.05 
04/06/15 24 0.067 0 13.1 12 0.12 3.7 0.11 
04/22/15 36 0.059 0 18.6 12.7 0.089 5.4 0.17 
05/04/15 36 0.025 0.03 25.8 13.8 0.035 7.9 0.13 
05/19/15 50 0.025 0.047 19.9 14.6 0.035 5.4 0.044 
06/04/15 58 0.025 0.057 14.6 12.1 0.18 3.8 0.097 
06/15/15 50 0.025 0.064 17.6 14.4 0.07 4.5 0.076 
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Table B- 4: L&D5 Raw Data for pH, Sodium, Specific Conductance, Strontium, Sulfate, 
Sulfur, TDS, TSS, Discharge, and Temperature 
Collection 
Date            
 
 
  
pH 
at 
25o
C 
Sodium 
(mg/L) 
Specific 
Conductance 
(umhos/cm) 
Strontium 
(ug/L) 
Sulfate 
(mg/L) 
Sulfur 
(mg/L) 
Total 
Dissolved 
Solids 
(mg/L) 
Total 
Suspended 
Solids 
(mg/L) 
Discharge 
(cfs) 
Water 
Temp 
(°C) 
01/23/13 7.4 8.2 139  22.6 8.1 106 24 12240 1 
02/04/13 7.3 7.7 136  18.4 6.2 81 25 43850 0 
02/20/13 7.6 12.4 232  29.1 9.6 135 103 14240 1 
03/06/13 7.7 15.6 261  32.2 11.6 120 53 12670 1 
03/18/13 7.5 9.4 172  19.7 7 62 8 22340 2 
04/03/13 7.5 12.7 246  29.2 10.1 138 15 22350 6 
04/17/13 7.3 7.7 157  18.5 6.5 37 14 38950 9 
04/29/13 7.5 10.4 204  27.4 11 98 15 14750 12 
05/13/13 7.7 12 238  38.6 12.7 169 7 13770 17 
05/29/13 7.8 11.6 235  36.3 12.4 118 12 5610 20 
06/10/13 7.6 10.1 171  20 7.3 89 14 21140 18 
06/24/13 7.6 8.9 169  14.7 6.4 66 10 8793 23 
07/10/13 7.6 10.2 197  9.8 5.6 51 1620 12240 23 
07/24/13 7.5 11.3 248  31.2 14.1 94 12 9275 27 
08/05/13 7.3 11.4 247  31.4 14.1 163 23 4950 23 
08/19/13 7.5 12.4 310  37.2 16.2 171 6 3960 23 
09/02/13 7.4 17.7 300  39 16.9 154 10 5700 24 
09/16/13 7.7 15.6 263  33.5 14.6 135 10 4200 21 
09/30/13 7.8 15.7 278  34.3 13.7 203 11 3810 18 
10/14/13 7.7 14.4 309  41.9 14.1 125 7 4400 19 
10/28/13 7.7 11.9 252  26.4 9.7 157 4 10600 10 
11/11/13 7.8 13.7 236  30 10.6 126 12 19540 8 
11/18/13 7.4 11.9 211  21 8.2 140 13 19340 6 
12/02/13 7.4 12.7 216  29 10.6 125 7 14460 2 
12/16/13 7.2 12.4 209  23.2 8.4 167 32 12450 0 
01/06/14 7 9.4 175  25.2 8.6 116 12 21380 0 
01/20/14 7 9.1 162  22.3 7.9 52 52 27475 1 
02/21/14  7.1 167 62.1 10.1  64  10250 0 
03/10/14 7.4 14.1  100 37.1  87  8760 0 
03/24/14 7.1 9  53.7 17  111  23850 3 
04/07/14  9.3  59.5 20.4  101  40700 6 
04/23/14  14.3  66.4 22  136  18240 ## 
05/05/14  8.9  65.4 23.8  107  28500 ## 
05/22/14  7.1  51.2 15  54  85580 14 
06/05/14  8.8  66.4 23.8  104  10300 20 
06/19/14  6.8  61 23.6  114  41300 21 
06/30/14  5.8  52.3 17.5  94  30500 21 
07/14/14  9.1  72.4 21.3  108  13610 24 
07/29/14  10.2  87.1 30.7  102  10620 22 
08/12/14  11.2  88.3 32.8  143  10455 23 
08/26/14  9.4  74.8 29.4  103  10110 22 
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Table B-4 Continued 
Collection 
Date            
 
 
  
pH 
at 
25o
C 
Sodium 
(mg/L) 
Specific 
Conductance 
(umhos/cm) 
Strontium 
(ug/L) 
Sulfate 
(mg/L) 
Sulfur 
(mg/L) 
Total 
Dissolved 
Solids 
(mg/L) 
Total 
Suspended 
Solids 
(mg/L) 
Discharge 
(cfs) 
Water 
Temp 
(°C) 
09/10/14  11.1  97.8 26.5  110  7425 24 
09/22/14  11.2  88.8 28.2  98  4867 19 
10/06/14  15.4  109 26.8  133  5567 19 
10/20/14  15.6  104 32.6  148  10147 15 
11/05/14  11.3  82 20.2  89  10085 11 
11/19/14  13.2  82.2 22.7  111  8698 3 
12/03/14  10.3  66.2 20  99  13100 4 
12/15/14  9.6  63.2 16.8  73  14200 3 
01/07/15  9.4  57.4 18.7  64  27170 1 
02/11/15  29.2  109 37.6  143  9950 0 
03/11/15  5.7  51.7 9.7  82  15490 1 
03/25/15  9.5  57.5 15.4  158  29620 3 
04/06/15  8.9  56.9 20  104  42246 7 
04/22/15  9.9  76.9 29.9  169  28800 12 
05/04/15  26.3  220 30.8  110  11250 17 
05/19/15  10.9  81.8 23.1  108  11140 20 
06/04/15  9.4  62.8 22.5  81  17740 20 
06/15/15  10.2  70 20.3  109  24250 23 
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Table B- 5: Allegheny-Tarentum Raw Data for Alkalinity, Aluminum, Bromide, Calcium, 
Chloride, iron, Magnesium, and Manganese. 
Collection Date Alkalinit
y (mg/L) 
Aluminu
m (mg/L) 
Bromid
e 
(mg/L) 
Calciu
m 
(mg/L) 
Chlorid
e (mg/L) 
Iron 
(mg/L
) 
Magnesiu
m (mg/L) 
Manganes
e (mg/L) 
01/20/14 26 0.025 0.046 16.3 23.8 0.096 4.2 0.34 
02/21/14 30 0.074 0.033 12.1 65.8 0.092 2.4 0.15 
03/10/14 28 0.025 0.066 29 31.1 0.087 7.9 0.58 
03/24/14 26 0.06 0.045 15.3 15.6 0.09 4.1 0.09 
04/07/14 20 0.051 0.037 14.6 15.2 0.087 4 0.096 
04/23/14 30 0.025 0.051 18.2 16.2 0.074 5 0.17 
05/05/14 27 0.025 0.051 15.2 13.7 0.08 4.3 0.096 
05/22/14 30 0.025 0.043 15.9 14.4 0.087 4.3 0.062 
06/05/14 34 0.025 0.064 20 18.7 0.035 5.5 0.12 
06/19/14 28 0.05 0.043 15.2 11.3 0.11 3.9 0.032 
06/30/14 23 0.082 0.049 14 9 0.2 4.1 0.063 
07/14/14 34 0.025 0.089 21.3 17.5 0.082 6.1 0.096 
07/29/14 38 0.086 0.092 22.5 17.2 0.12 6.3 0.027 
08/12/14 40 0.025 0.07 23.2 19.7 0.035 5.8 0.015 
08/26/14 32 0.025 0.078 19.6 18.9 0.11 5.6 0.04 
09/10/14 46 0.025 0.12 24.5 22.7 0.035 6.9 0.014 
09/22/14 48 0.025 0.12 29.7 26.9 0.035 8 0.041 
10/06/14 50 0.025 0.2 26.1 23.1 0.035 7.3 0.016 
10/20/14 52 0.025 0.15 27.1 21.6 0.035 7.3 0.017 
11/05/14 42 0.025 0.12 21.7 18 0.035 5.5 0.055 
11/19/14 50 0.025 0.08 24.3 21.7 0.1 6.2 0.083 
12/03/14 40 0.025 0.053 19.7 18.7 0.11 5 0.062 
12/15/14 44 0.025 0.038 16.9 14.9 0.077 4.4 0.076 
01/07/15 34 0.025 0 15.5 15.4 0.12 4.1 0.082 
02/11/15 44 0.025 0.076 28.6 34.7 0.08 8.2 0.15 
03/11/15 36 0.085 0.066 23.4 62.9 0.091 6.4 0.14 
03/25/15 28 0.025 0 16.8 16.7 0.07 4.6 0.093 
04/06/15 22 0.025 0 14.5 13.2 0.12 4.1 0.12 
04/22/15 36 0.053 0 20 13.7 0.1 5.6 0.13 
05/04/15 30 0.075 0.032 20.3 18.4 0.076 6.1 0.26 
05/19/15 50 0.025 0.063 26.9 20.9 0.035 7.5 0.048 
06/04/15 32 0.053 0.056 15.8 12.7 0.17 4 0.04 
06/15/15 50 0.05 0.065 20.6 19.5 0.081 5.3 0.046 
 
 
 
 
 
 146 
   
Table B- 6: Allegheny-Tarentum Raw Data for pH, Sodium, Specific Conductance, 
Strontium, Sulfate, Sulfur, TDS, TSS, Discharge, and Temperature. 
Collection 
Date            
 
 
  
pH 
at 
25o
C 
Sodium 
(mg/L) 
Specific 
Conductance 
(umhos/cm) 
Strontium 
(ug/L) 
Sulfate 
(mg/L) 
Sulfur 
(mg/L) 
Total 
Dissolved 
Solids 
(mg/L) 
Total 
Suspended 
Solids 
(mg/L) 
Discharge 
(cfs) 
Water 
Temp 
(°C) 
01/20/14 7.1 14.4 198  22.9 8.2 66 88 32000 1 
02/21/14  44 332 49.3 18.8  82  10225 2 
03/10/14 7.4 17.6  128 59.3  120  10000 3 
03/24/14 7.1 10.3  66.8 24  118  28500 4 
04/07/14  10.2  65.2 23.5  99  53000 7 
04/23/14  15.9  79.3 30  131  21000 11 
05/05/14  13.5  70.8 28  107  34000 11.6 
05/22/14  10.9  74 23.7  94  90000 16 
06/05/14  12.2  94.4 39.9  230  13500 21 
06/19/14  7.4  64.2 24.3  1140  51000 21 
06/30/14  7.1  63.6 19.2  102  35000 22 
07/14/14  11.2  97.5 37.2  155  13200 24 
07/29/14  12.1  104 38.5  117  14500 22 
08/12/14  12  111 36.2  157  13500 23 
08/26/14  11.2  99.3 40.7  127  13000 22 
09/10/14  13.5  129 44.5  145  8700 24 
09/22/14  17.8  171 53.9  168  5800 19 
10/06/14  17.6  137 44.2  144  6200 19 
10/20/14  16.8  131 43.4  165  11300 15 
11/05/14  13.3  101 30.1  123  11100 11 
11/19/14  17.3  117 48.4  148  10500 4 
12/03/14  12.5  83.2 28.3  118  14000 4 
12/15/14  10.2  70.4 24.2  90  16300 4 
01/07/15  10.2  61.6 23.4  90  33500 1 
02/11/15  34.2  128 50.2  160  14400 0 
03/11/15  21.2  99.2 69.2  168  30800 1 
03/25/15  10.7  75.3 21.3  147  42000 4 
04/06/15  9.8  61.4 24.2  123  47800 8 
04/22/15  10.8  82.7 32.2  170  36200 12 
05/04/15  12.1  99 41.9  132  17800 16 
05/19/15  15  127 43.1  134  14000 21 
06/04/15  10  67.6 26.8  81  21000 19 
06/15/15  13  93.6 31.1  166  34000 24 
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Table B- 7: Blacklick Creek Raw Data for Alkalinity, Aluminum, Bromide, Calcium, 
Chloride, iron, Magnesium, and Manganese. 
Collection Date Alkalinit
y (mg/L) 
Aluminu
m (mg/L) 
Bromid
e (mg/L) 
Calciu
m 
(mg/L) 
Chlorid
e (mg/L) 
Iron 
(mg/L) 
Magnesiu
m (mg/L) 
Manganes
e (mg/L) 
02/04/13 5 0.025 0.047 18.1 16.3 1.6 5.9 0.28 
02/20/13 5 0.025 0.085 34 62 2.3 8.9 0.38 
03/06/13 5 0.025 0.51 39 71.4 3 9.7 0.43 
03/18/13 5 0.18 0.28 27.4 61.2 1.5 7.2 0.29 
04/03/13 10 0.025 0.28 22.2 33 1.1 6.7 0.27 
04/17/13 16 0.025 0.17 24.2 29.5 0.6 6.7 0.3 
04/29/13 5 0.025 0.066 31.6 16.7 1.9 9.3 0.44 
05/13/13 5 0.025 0.56 30.2 48.6 0.5 7.3 0.37 
05/29/13 28 0.025 0.43 45.3 76.2 0.28 10.8 0.44 
06/10/13 10 0.025 0.049 40.1 22.8 0.54 11.6 0.51 
06/24/13 5 0.07 0.095 47.6 24.4 0.79 12.8 0.58 
07/10/13 5 0.025 0.051 26.5 14.5 0.035 7.2 0.31 
07/24/13 5 0.06 0.57 51.9 80.8 0.035 11 0.41 
08/05/13 5 0.24 0.084 61.4 21 1.8 16.5 0.71 
08/19/13 5 0.31 0.67 78.1 99 1.5 18.2 0.78 
09/02/13 5 0.025 0.24 54 22.5 0.34 14.6 0.69 
09/16/13 46 0.025 1.8 91.2 225 0.45 16.2 0.53 
09/30/13 5 0.16 3.1 101 337 1.6 17.7 0.66 
10/14/13 10 0.025 0.082 33.8 31.8 0.12 9.5 0.41 
10/28/13 5 0.025 0.079 52.9 30.5 1.8 13.7 0.54 
11/11/13 10 0.025 1.4 64.1 163 0.91 13.5 0.46 
11/18/13 16 0.067 0.51 39.6 80.2 0.2 8.9 0.53 
12/02/13 10 0.025 0.44 31.3 55 1.5 7.8 0.36 
12/16/13 5 0.025 0.57 31.6 70.8 1.5 7.6 0.33 
01/06/14 5 0.7 0.18 24.5 31.7 2.1 7.3 0.33 
01/20/14 5 0.025 0.31 31.8 67.2 2 8.2 0.38 
02/24/14 5 0.025 0.03 16.7 30.2 0.78 5.2 0.23 
03/10/14 5 0.025 0.49 40.7 99 2.1 9.7 0.43 
03/24/14 5 0.025 0.29 26.3 44.9 1.6 6.8 0.32 
04/07/14 5 0.025 0.028 17.5 13.6 0.84 5.8 0.27 
04/23/14 5 0.025 0.053 29.9 17.6 1.9 9.1 0.41 
05/05/14 5 0.025 0.64 32.7 70.2 0.8 8.6 0.34 
05/22/14 5 0.2 0.41 26.5 42.2 0.89 7.6 0.32 
06/05/14 15 0.089 0.11 22.9 22.8 0.12 6.2 0.26 
06/19/14 20 0.32 0.044 19.5 13.2 0.52 5.3 0.19 
06/30/14 11 0.025 0.73 38.8 77.7 0.035 10.1 0.33 
07/14/14 5 0.05 0.085 45.9 16.3 1.2 13.6 0.63 
07/29/14 5 0.025 0.36 55.8 1.3 0.035 13.6 0.51 
08/12/14 5 0.085 1.7 85.3 206 0.93 17.8 0.62 
08/26/14 12 0.051 0.81 50.1 106 0.035 11.2 0.36 
09/10/14 5 0.025 1.6 74.4 502 0.035 14.6 0.57 
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Table B-7 Continued 
Collection Date Alkalinit
y (mg/L) 
Aluminu
m (mg/L) 
Bromid
e (mg/L) 
Calciu
m 
(mg/L) 
Chlorid
e (mg/L) 
Iron 
(mg/L) 
Magnesiu
m (mg/L) 
Manganes
e (mg/L) 
09/22/14 5 0.28 2 92.6 226 1.8 20.4 0.78 
10/06/14 5 1.2 2 104 236 0.43 23.1 0.82 
10/20/14 5 0.087 0.84 70.6 129 0.98 17.3 0.74 
11/05/14 5 0.61 3 126 370 2.6 24.5 0.88 
11/19/14 5 0.38 2.5 97.6 294 3.2 18.4 0.66 
12/03/14 16 0.025 0.12 34.1 56.2 0.53 9.1 0.42 
12/15/14 14 0.025 0.52 33.9 75.5 1.9 8.8 0.39 
01/07/15 12 0.025 0.12 27.3 60 1.8 7.9 0.37 
02/11/15 10 0.025 0.036 20.9 52.1 0.77 6.5 0.27 
03/11/15 10 0.36 0.07 17 30.7 0.7 4.7 0.25 
03/25/15 5 0.025 0.2 22.9 27.4 1.6 6.7 0.31 
04/06/15 5 0.64 0.29 26.9 52.2 1.9 7.2 0.31 
04/22/15 12 0.025 0.17 22.3 30.9 0.64 6.3 0.28 
05/04/15 5 0.025 0.28 26.2 54 0.7 7.3 0.31 
05/19/15 10 0.025 0.14 21.6 26.6 0.075 6.3 0.26 
06/04/15 5 0.22 0.23 49.4 37.6 2 12.9 0.6 
06/15/15 16 0.14 0.16 28.1 23.2 0.21 7.4 0.29 
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Table B- 8: Blacklick Creek Raw Data for pH, Sodium, Specific Conductance, Strontium, 
Sulfate, Sulfur, TDS, TSS, Discharge, and Temperature. 
 
Collection 
Date   
          
 
 
pH 
at 
25o
C 
Sodium 
(mg/L) 
Specific 
Conductance 
(umhos/cm) 
Strontium 
(ug/L) 
Sulfate 
(mg/L) 
Sulfur 
(mg/L) 
Total 
Dissolved 
Solids 
(mg/L) 
Total 
Suspended 
Solids 
(mg/L) 
Discharge 
(cfs) 
Water 
Temp 
(°C) 
02/04/13 6.5 10.2 253  77 23 148 14 590 0 
02/20/13 7.5 37.2 524  87.4 30.8 265 17 370 0 
03/06/13 6.5 45.9 595  87.4 36.6 282 21 340 2 
03/18/13 7.2 33.2 465  67.6 23.2 194 10 475 2 
04/03/13 6.7 18.9 336  62 21.8 197 7 540 4 
04/17/13 7 19.8 326  65.9 24.3 116 20 615 14 
04/29/13 6.5 14.9 364  108 39.6 190 16 250 13 
05/13/13 6.9 30.9 422  89.4 28.3 280 11 330 11 
05/29/13 6.8 44.1 599  134 45.4 324 9 330 18 
06/10/13 6.6 21.3 424  145 52.4 283 5 194 21 
06/24/13 5.8 25 509  156 67.5 307 4 91 26 
07/10/13 7.4 12.6 296  71.8 29.6 166 21 280 21 
07/24/13 7.1 51.9 649  89.9 46.8 337 7 210 22 
08/05/13 5.6 27.2 591  195 80 429 2 85 18 
08/19/13 5.3 66.5 1030  220 89.2 581 2 51 20 
09/02/13 6.4 24.4 522  170 66.6 354 4 73 25 
09/16/13 6.5 127 1220  160 69.6 749 2 80 18 
09/30/13 5.7 178 1850  134 62.7 1180 2 44 17 
10/14/13 7.9 16.5 416  116 39 186 2 108 15 
10/28/13 6.8 22.4 531  191 70 349 2 105 6 
11/11/13 6.9 87.5 961  131 48.1 518 7 89 6 
11/18/13 7.1 37.3 511  96.3 33 314 80 285 9 
12/02/13 6.8 30.5 418  82.7 30.1 240 6 235 3 
12/16/13 6.5 38.8 517  70.2 28.2 259 6 265 0 
01/06/14 6.4 20.7 322  69.2 26.4 193 23 550 0 
01/20/14 6.4 30.6 435  92.1 30.9 203 25 320 0 
02/24/14  16.2  95.4 52.4  84  800 2 
03/10/14 6.7 44.7  1100 118  274  238 3 
03/24/14 6.3 23.2  455 78.2  261  300 3 
04/07/14  13.7  96.7 55.1  126  625 6 
04/23/14  18.4  185 108  224  225 ## 
05/05/14  35  1100 90.9  286  261 ## 
05/22/14  23.2  604 69.2  185  325 19 
06/05/14  13.3  230 116  175  1600 17 
06/19/14  9  106 48.1  141  1500 19 
06/30/14  41.5  1050 98.3  307  500 22 
07/14/14  19.7  286 155  320  100 23 
07/29/14  45.3  964 3.3  379  190 19 
08/12/14  99  3910 240  729  65 20 
08/26/14  57.9  1630 127  410  88 21 
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Table B-8 Continued 
Collection 
Date   
          
 
 
pH 
at 
25o
C 
Sodium 
(mg/L) 
Specific 
Conductance 
(umhos/cm) 
Strontium 
(ug/L) 
Sulfate 
(mg/L) 
Sulfur 
(mg/L) 
Total 
Dissolved 
Solids 
(mg/L) 
Total 
Suspended 
Solids 
(mg/L) 
Discharge 
(cfs) 
Water 
Temp 
(°C) 
09/10/14  105  4510 392  635  65 23 
09/22/14  119  3970 251  778  38 17 
10/06/14  134  2570 299  918  34 14 
10/20/14  71.6  2160 208  559  37 11 
11/05/14  181  5980 284  1040  28 10 
11/19/14  152  3940 200  858  55 0 
12/03/14  31.4  347 97.4  239  225 4 
12/15/14  37.4  903 91.8  264  220 4 
01/07/15  21.2  328 150  179  250 0 
02/11/15  33.4  120 61.8  168  280 1 
03/11/15  18.2  163 32.1  156  1600 3 
03/25/15  17.1  409 56.6  229  340 4 
04/06/15  28.6  503 54  241  250 2 
04/22/15  20  308 54  208  450 9 
05/04/15  25.8  576 85.1  213  250 15 
05/19/15  18.6  411 30.7  180  545 18 
06/04/15  28.1  507 200  368  93 17 
06/15/15  18.5  228 77.3  233  950 21 
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Table B- 9: Conemaugh-Seward Raw Data for Alkalinity, Aluminum, Bromide, Calcium, 
Chloride, iron, Magnesium, and Manganese. 
Collection 
Date 
Alkalinity 
(mg/L) 
Aluminum 
(mg/L) 
Bromide 
(mg/L) 
Calcium 
(mg/L) 
Chlorid
e (mg/L) 
Iron 
(mg/L) 
Magnesium 
(mg/L) 
Manganes
e (mg/L) 
01/23/13 18  0.033  18.7    
02/04/13 5 0.025 0.042 25.4 23.4 0.66 8.4 0.39 
02/20/13 30 0.025 0.068 37.9 41.6 0.81 13 0.62 
03/06/13 30 0.025 0.056 43.4 48.8 0.55 14.5 0.65 
03/18/13 20 0.025 0 29.5 31.2 0.55 10 0.45 
04/03/13 12 0.025 0.03 26.8 25.7 0.43 9.4 0.37 
04/17/13 28 0.025 0.035 29.5 21.4 0.094 10 0.61 
04/29/13 30 0.025 0.042 40.9 23.2 0.18 14.2 0.66 
05/13/13 26 0.025 0 26.1 17.9 0.1 8.2 0.34 
05/29/13 10 0.025 0 42.7 25.4 0.071 15.1 0.59 
06/10/13 20 0.025 0 55.2 26.4 0.16 19.3 0.66 
06/24/13 22 0.051 0 57.9 24 0.12 19.1 0.54 
07/10/13 18 0.025 0 40.5 22.8 0.11 13 0.43 
07/24/13 24 0.061 0 56.6 25.2 0.035 18.9 0.44 
08/05/13 30 0.025 0.037 86.6 26.3 0.13 26.6 0.49 
08/19/13 26 0.064 0 70.2 27.1 0.076 21 0.33 
09/02/13 36 0.066 0 35.1 20.1 0.16 10.5 0.27 
09/16/13 42 0.092 0 61.5 27.1 0.035 18.6 0.37 
09/30/13 30 0.099 0 62.7 27.8 0.035 20.3 0.3 
10/14/13 36 0.025 0.033 45.1 32.7 0.082 14.6 0.37 
10/28/13 40 0.091 0.045 64.8 35 0.28 20.8 0.54 
11/11/13 40 0.025 0.04 61.7 34.2 0.19 19.9 0.58 
11/18/13 32 0.025 0.041 56.4 36.9 0.17 17.2 0.54 
12/02/13 24 0.025 0.045 38.8 29.6 0.47 12 0.56 
12/16/13 26 0.025 0.043 33.3 31.5 0.48 10.5 0.41 
01/06/14 22 0.025 0.036 31.5 38.5 0.52 10.3 0.45 
01/20/14 22 0.025 0.026 37.8 33.7 0.75 12 0.52 
02/24/14 20 0.051 0.03 24.6 59.4 0.19 7.6 0.26 
03/10/14 22 0.025 0.033 40 55.8 0.36 12.4 0.48 
03/24/14 16 0.025 0.027 31.9 23.3 0.42 10 0.41 
04/07/14 18 0.025 0 25.4 22.1 0.23 8.5 0.29 
04/23/14 25 0.025 0.032 41.4 23 0.15 13.6 0.52 
05/05/14 22 0.025 0.035 29.5 21.8 0.23 10 0.34 
05/22/14 24 0.025 0.034 31.3 18.7 0.035 10.3 0.32 
06/05/14 33 0.058 0.035 37.2 15.6 0.082 11.6 0.34 
06/19/14 30 0.06 0.043 33.2 20.8 0.095 9.8 0.28 
06/30/14 32 0.051 0.036 39.8 21.3 0.09 13.1 0.31 
07/14/14 32 0.025 0.047 49.9 21 0.073 16.2 0.37 
07/29/14 36 0.059 0 56.2 33.1 0.099 18.3 0.43 
08/12/14 38 0.054 0.072 77.1 42.5 0.035 23.6 0.37 
08/26/14 42 0.072 0 64.2 40.7 0.035 20.3 0.34 
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Table B-9 Continued 
Collection 
Date 
Alkalinity 
(mg/L) 
Aluminum 
(mg/L) 
Bromide 
(mg/L) 
Calcium 
(mg/L) 
Chlorid
e (mg/L) 
Iron 
(mg/L) 
Magnesium 
(mg/L) 
Manganes
e (mg/L) 
09/10/14 38 0.11 0.046 78.7 40.9 0.31 23.9 0.35 
09/22/14 34 0.064 0 79 42.2 0.035 25.3 0.33 
10/06/14 42 0.089 0 62.1 37.7 0.035 19.6 0.47 
10/20/14 42 0.059 0 67 41 0.035 22.9 0.55 
11/05/14 54 0.025 0.064 77.1 44.2 0.035 24.5 0.65 
11/19/14 52 0.025 0.036 72.7 48.6 0.29 22.5 0.64 
12/03/14 42 0.058 0.041 47.1 71.2 0.26 15 0.67 
12/15/14 38 0.025 0.02 41.1 46 0.3 13.2 0.54 
01/07/15 34 0.076 0 35.9 64.3 0.49 10.8 0.47 
02/11/15 28 0.055 0 29.6 52.4 0.2 9.1 0.34 
03/11/15 22 0.12 0.045 18.4 33.7 0.24 5.6 0.23 
03/25/15 20 0.025 0 30.6 21.7 0.42 10.2 0.45 
04/06/15 22 0.025 0 36.9 26 0.18 12.1 0.51 
04/22/15 22 0.058 0 27.7 20.2 0.23 8.7 0.31 
05/04/15 26 0.051 0 31.9 26.6 0.14 10.6 0.35 
05/19/15 36 0.065 0 38.2 27.3 0.077 12.4 0.4 
06/04/15 34 0.025 0.048 61.8 28.9 0.15 19.5 0.63 
06/15/15 34 0.27 0 23.6 20.1 0.42 7.5 0.35 
 
 
 
 
 
 
 
 
 
 
 153 
   
Table B- 10: Conemaugh-Seward Raw Data for pH, Sodium, Specific Conductance, 
Strontium, Sulfate, Sulfur, TDS, TSS, Discharge, and Temperature. 
Collection 
Date   
          
 
 
 
pH 
at 
25oC 
Sodium 
(mg/L) 
Specific 
Conductance 
(umhos/cm) 
Strontium 
(ug/L) 
Sulfate 
(mg/L) 
Sulfur 
(mg/L) 
Total 
Dissolved 
Solids 
(mg/L) 
Total 
Suspended 
Solids 
(mg/L) 
Discharge 
(cfs) 
Water 
Temp 
(°C) 
01/23/13 7.2  347  117  250 7 1000  
02/04/13 7.1 14.5 342  88.4 27.8 176 34 2400 1 
02/20/13 7.2 29.6 502  115 38.8 280 13 1400 1 
03/06/13 7.2 32.6 559  126 46.1 293 12 1040 3 
03/18/13 7.6 19.3 389  97.3 29.3 189 15 2160 2 
04/03/13 7.1 16.6 362  77.4 24.8 219 11 2450 4 
04/17/13 7.3 16.9 357  89 30.2 139 57 2780 13 
04/29/13 7.1 18.4 449  129 46.7 233 7 1630 13 
05/13/13 7.2 14.8 316  83 26.1 203 19 1850 11 
05/29/13 6.8 19.6 477  148 48.4 272 8 940 16 
06/10/13 7.4 25 547  186 67 354 8 448 20 
06/24/13 7.2 19.6 571  193 67.6 353 5 368 25 
07/10/13 7.5 20.4 437  103 44.5 259 39 670 21 
07/24/13 7.4 25.5 567  154 64.2 344 7 480 22 
08/05/13 7.2 29.1 752  244 98.1 473 10 255 20 
08/19/13 7.3 25 748  205 80.3 435 4 355 20 
09/02/13 7.3 16.3 369  84.6 33 235 39 1120 21 
09/16/13 7.6 25.1 559  159 63.5 356 4 440 17 
09/30/13 7.8 23.9 670  194 71.7 430 ND 361 16 
10/14/13 7.2 19.5 538  146 47.4 270 6 515 15 
10/28/13 7.5 24.6 648  211 76.9 429 10 289 9 
11/11/13 7.4 25.6 629  188 67.9 345 4 305 7 
11/18/13 7.2 26.1 579  173 60.8 378 10 535 9.2 
12/02/13 7.1 19.9 435  126 44.1 254 10 630 3.5 
12/16/13 6.9 22.5 426  87.3 31.7 206 4 990 0 
01/06/14 6.7 28.5 409  88.8 33 258 37 1475 1.3 
01/20/14 6.9 20.4 409  119 39 200 6 1050 0.5 
02/24/14  26.7  109 69  156  3000 2 
03/10/14 7.3 26.8  147 122  216  1200 4 
03/24/14 7 15.4  114 100  269  1360 3 
04/07/14  15.4  103 63.3  178  2660 6 
04/23/14  22.9  162 126  278  1010 9.5 
05/05/14  15.8  116 91  201  1400 11.0 
05/22/14  14.4  124 92.9  189  1800 16.1 
06/05/14  19.2  150 27.3  263  1450 17.2 
06/19/14  15  127 86.6  240  1400 20 
06/30/14  18.9  157 116  289  750 20 
07/14/14  20  187 128  319  550 21.1 
07/29/14  24.5  228 166  355  630 18.1 
08/12/14  27.7  283 275  523  380 19.7 
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Table B-10 Continued 
Collection 
Date   
          
 
 
pH 
at 
25oC 
Sodium 
(mg/L) 
Specific 
Conductance 
(umhos/cm) 
Strontium 
(ug/L) 
Sulfate 
(mg/L) 
Sulfur 
(mg/L) 
Total 
Dissolved 
Solids 
(mg/L) 
Total 
Suspended 
Solids 
(mg/L) 
Discharge 
(cfs) 
Water 
Temp 
(°C) 
08/26/14  26.8  244 208  434  295 21.4 
09/10/14  32  304 263  477  240 22.7 
09/22/14  29.4  295 264  518  240 17.9 
10/06/14  25.5  246 200  419  220 14.2 
10/20/14  26  244 207  420  290 11.5 
11/05/14  37.3  291 247  480  230 10.2 
11/19/14  36.4  253 227  485  300 0.9 
12/03/14  44.6  190 125  323  760 4.6 
12/15/14  27.7  169 134  275  620 4.5 
01/07/15  24  146 185  221  775 0.1 
02/11/15  39.1  128 71.6  184  1950 1.9 
03/11/15  20.7  77.7 33.2  161  7000 3.2 
03/25/15  15.8  118 75.1  263  1580 3.9 
04/06/15  19.1  143 107  268  1200 7.6 
04/22/15  14.9  110 65.4  225  2550 9.4 
05/04/15  15.7  128 120  221  1550 13.5 
05/19/15  20.8  159 110  253  870 18.6 
06/04/15  24.2  234 244  395  440 16.1 
06/15/15  14.9  104 65.7  190  6000 18.9 
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Table B- 11: Conemaugh-Tunnelton Raw Data for Alkalinity, Aluminum, Bromide, 
Calcium, Chloride, iron, Magnesium, and Manganese. 
Collection Date Alkalinit
y (mg/L) 
Aluminu
m (mg/L) 
Bromid
e (mg/L) 
Calciu
m 
(mg/L) 
Chlorid
e (mg/L) 
Iron 
(mg/L) 
Magnesiu
m (mg/L) 
Manganes
e (mg/L) 
01/23/13 14  0.087  20.7    
02/04/13 20 0.18 0.042 17.5 20.4 0.28 5.2 0.18 
02/20/13 24 0.025 0.14 36.6 36.2 0.35 11.8 0.54 
03/06/13 20 0.025 0.24 40.8 47.2 0.24 12.5 0.54 
03/18/13 28 0.025 0.072 28.5 33.6 0.12 9.3 0.36 
04/03/13 16 0.025 0.07 27 29.5 0.035 9.1 0.35 
04/17/13 18 0.025 0.097 28.9 24.4 0.035 8.8 0.35 
04/29/13 60 0.025 0.18 40.9 31.4 0.035 12.9 0.54 
05/13/13 20 0.025 0.059 31.4 22.6 0.035 9.4 0.32 
05/29/13 38 0.025 0.11 47.2 32 0.035 16.3 0.42 
06/10/13 24 0.025 0.11 53.7 34 0.035 17.6 0.34 
06/24/13 26 0.025 0.16 52.8 83.9 0.035 16.9 0.33 
07/10/13 26 0.025 0.12 35.2 28.2 0.035 11.1 0.18 
07/24/13 24 0.025 0.13 48.9 31.7 0.035 15 0.13 
08/05/13 30 0.025 0.25 62.6 45 0.035 19.6 0.16 
08/19/13 26 0.025 0.2 59.7 41.1 0.035 18.5 0.11 
09/02/13 30 0.053 0.092 39.4 22.4 0.1 11.9 0.2 
09/16/13 32 0.025 0.16 52.4 33.2 0.035 16.7 0.29 
09/30/13 40 0.025 0.38 62.4 60.1 0.035 20 0.17 
10/14/13 34 0.025 0.14 53.6 44.5 0.035 16.7 0.15 
10/28/13 36 0.025 0.36 63.6 58.5 0.035 19.1 0.24 
11/11/13 40 0.025 0.17 59 41.6 0.035 18.3 0.3 
11/18/13 42 0.025 0.28 57.1 52.6 0.035 15.6 0.29 
12/02/13 30 0.076 0.093 35.2 30.9 0.22 10.5 0.43 
12/16/13 26 0.025 0.12 32.1 31.2 0.12 9.7 0.4 
01/06/14 26 0.025 0.072 28.8 25.5 0.12 9.1 0.45 
01/20/14 18 0.025 0.073 33.4 34.4 0.25 10.1 0.42 
02/24/14 18 0.025 0.045 22.1 66.4 0.035 6.4 0.26 
03/10/14 22 0.025 0.11 46 76.6 0.18 13.5 0.58 
03/24/14 20 0.025 0.094 31.3 29.1 0.035 9.4 0.54 
04/07/14 18 0.025 0.043 21.6 22.4 0.09 6.5 0.2 
04/23/14 20 0.052 0.19 41.3 38.4 0.035 13.1 0.46 
05/05/14 24 0.025 0.057 29 23.7 0.035 9.4 0.29 
05/22/14 20 0.025 0.1 26.9 21.7 0.035 8.5 0.31 
06/05/14 31 0.025 0.28 45.4 43.1 0.035 13.5 0.27 
06/19/14 27 0.025 0.067 30.4 18.7 0.035 8.9 0.28 
06/30/14 28 0.053 0.16 43.3 26.2 0.035 14.2 0.22 
07/14/14 28 0.025 0.52 61.2 71.1 0.035 19.3 0.17 
07/29/14 32 0.025 0.28 63 44.9 0.035 20.1 0.14 
08/12/14 42 0.025 0.35 57.7 48.5 0.077 17.2 0.17 
08/26/14 36 0.025 0.32 55.3 47.3 0.035 18.1 0.12 
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Table B-11 Continued 
Collection Date Alkalinit
y (mg/L) 
Aluminu
m (mg/L) 
Bromid
e (mg/L) 
Calciu
m 
(mg/L) 
Chlorid
e (mg/L) 
Iron 
(mg/L) 
Magnesiu
m (mg/L) 
Manganes
e (mg/L) 
09/10/14 38 0.025 0.28 65.8 51.9 0.035 19.6 0.16 
09/22/14 36 0.025 0.5 83.1 364 0.035 26.9 0.13 
10/06/14 32 0.025 0.4 84.7 72.8 0.035 27.4 0.032 
10/20/14 40 0.025 0.3 74.5 61.3 0.035 24.2 0.13 
11/05/14 46 0.025 0.29 76.1 62.1 0.035 24.9 0.07 
11/19/14 46 0.025 0.27 69.5 55.8 0.035 21 0.32 
12/03/14 40 0.025 0.2 62.5 65.4 0.035 18.4 0.34 
12/15/14 64 0.025 0.056 32.9 27.8 0.035 9.4 0.26 
01/07/15 52 0.24 0.055 28.8 21.1 0.61 7.7 0.22 
02/11/15 48 0.025 0 21.8 13.5 0.035 5.7 0.099 
03/11/15 22 0.025 0.061 20.2 30.5 0.09 5.8 0.22 
03/25/15 20 0.025 0.032 25.3 24.3 0.12 7.8 0.34 
04/06/15 42 0.025 0.045 26.6 17.7 0.035 6.9 0.11 
04/22/15 54 0.025 0 22.1 6.4 0.035 5 0.036 
05/04/15 34 0.025 0.025 25 18.9 0.074 7.5 0.19 
05/19/15 72 0.025 0 21.8 3.9 0.035 5 0.016 
06/04/15 44 0.025 0.3 61 48.4 0.035 18.3 0.26 
06/15/15 48 0.27 0.076 19.3 11.5 0.3 4.8 0.032 
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Table B- 12: Conemaugh-Tunnelton Raw Data for pH, Sodium, Specific Conductance, 
Strontium, Sulfate, Sulfur, TDS, TSS, Discharge, and Temperature. 
Collection 
Date   
          
 
 
pH 
at 
25o
C 
Sodium 
(mg/L) 
Specific 
Conductance 
(umhos/cm) 
Strontium 
(ug/L) 
Sulfate 
(mg/L) 
Sulfur 
(mg/L) 
Total 
Dissolved 
Solids 
(mg/L) 
Total 
Suspended 
Solids 
(mg/L) 
Discharge 
(cfs) 
Water 
Temp 
(°C) 
01/23/13 7.3  312  94.4  213 10 2300  
02/04/13 7.2 13.2 239  43.2 15 122 10 8500 2 
02/20/13 7.8 26 470  103 36.2 264 11 2000 1 
03/06/13 7.3 31.7 524  106 39.9 265 9 2300 3 
03/18/13 7.3 19.8 371  77 26.9 179 5 4500 4 
04/03/13 7.3 19.4 362  71.6 24.3 206 4 3000 5 
04/17/13 7.4 16.6 340  74 27.1 134 40 2300 13 
04/29/13 7.2 22.4 448  108 41.7 223 2 1020 12 
05/13/13 7.2 18.3 361  92.3 30.7 234 14 1650 14 
05/29/13 7.8 22.6 512  162 53.6 340 21 1150 17 
06/10/13 7.2 28.5 556  175 67.2 357 17 1110 20 
06/24/13 7.3 29.3 573  295 56.1 314 6 556 25 
07/10/13 7.5 19.9 392  75.4 33.9 232 11 1160 24 
07/24/13 7.4 24.8 506  114 49.6 279 17 1300 24 
08/05/13 7.3 34 637  154 64.5 424 6 425 22 
08/19/13 7.2 32.7 688  151 63.2 372 5 420 22 
09/02/13 7.2 19 405  91.3 36.9 270 28 6200 25 
09/16/13 7.5 27.9 524  134 54.2 346 4 600 19 
09/30/13 7.6 39.3 765  172 61.9 475 4 705 17 
10/14/13 7.8 24.4 633  172 57.4 326 4 1750 16 
10/28/13 7.6 37.4 689  185 68.8 426 5 730 8 
11/11/13 7.6 31.1 637  171 62 387 8 575 7 
11/18/13 7.4 35.8 616  148 53.6 364 8 580 7.1 
12/02/13 7.2 21.2 391  97.1 33.1 223 12 2450 4.1 
12/16/13 7.1 24.1 415  79.8 30.2 536 14 2390 0 
01/06/14 6.8 17.9 335  75.4 28.2 203 61 1400 0.2 
01/20/14 6.9 19.7 374  94.7 32.5 168 13 1500 0.3 
02/24/14  31.3  108 60.9  150  9400 1 
03/10/14 7.2 26.3  202 265  244  1600 3 
03/24/14 6.9 16.7  146 95.9  248  1050 4.8 
04/07/14  15.1  109 45.3  155  9000 7 
04/23/14  28.4  275 116  283  1300 ### 
05/05/14  17.3  144 86.9  182  2600 ### 
05/22/14  14.7  178 71.7  166  4400 16 
06/05/14  25.5  349 131  302  1250 20 
06/19/14  14.8  153 83.4  211  2800 22 
06/30/14  20.8  206 124  300  1125 24 
07/14/14  32.8  480 170  454  550 26 
07/29/14  31.5  365 194  388  650 22 
08/12/14  29  358 187  415  545 18 
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Table B-12 Continued 
Collection 
Date   
          
 
 
pH 
at 
25o
C 
Sodium 
(mg/L) 
Specific 
Conductance 
(umhos/cm) 
Strontium 
(ug/L) 
Sulfate 
(mg/L) 
Sulfur 
(mg/L) 
Total 
Dissolved 
Solids 
(mg/L) 
Total 
Suspended 
Solids 
(mg/L) 
Discharge 
(cfs) 
Water 
Temp 
(°C) 
08/26/14  28.6  301 168  374  800 23 
09/10/14  35.2  418 190  436  325 23 
09/22/14  49.7  814 310  676  585 18 
10/06/14  49  659 280  586  575 17 
10/20/14  44  624 224  511  570 14 
11/05/14  44.4  536 242  503  230 11 
11/19/14  42.8  412 232  481  630 1 
12/03/14  46  423 186  416  625 4.8 
12/15/14  21.6  175 82.2  204  1200 3 
01/07/15  27.2  185 56.7  166  2300 0.6 
02/11/15  26.3  118 28.3  111  2200 3.1 
03/11/15  17.4  94.7 40.8  166  11000 1.8 
03/25/15  16  156 60.1  229  9500 4.9 
04/06/15  13.4  147 61.4  202  2800 5.2 
04/22/15  8.2  124 23.6  170  4600 8.7 
05/04/15  13.1  126 66  169  3700 14 
05/19/15  9.2  130 19.1  106  1500 15 
06/04/15  32.3  388 177  372  590 19 
06/15/15  8.8  116 35.6  145  510 19 
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Table B- 13: Kiskiminetas-Vandergrift Raw Data for Alkalinity, Aluminum, Bromide, 
Calcium, Chloride, iron, Magnesium, and Manganese. 
Collection 
Date 
Alkalinity 
(mg/L) 
Aluminum 
(mg/L) 
Bromide 
(mg/L) 
Calcium 
(mg/L) 
Chloride 
(mg/L) 
Iron 
(mg/L) 
Magnesium 
(mg/L) 
Manganese 
(mg/L) 
02/04/13 28 0.079 0.039 17.6 22.5 0.15 5.2 0.18 
02/20/13 20 0.025 0.12 37 34 0.2 12.1 0.57 
03/06/13 26 0.025 0.091 36.5 38.2 0.1 11.5 0.45 
03/18/13 20 0.025 0 28.9 30.1 0.088 9.4 0.34 
04/03/13 30 0.025 0.1 30.4 34 0.072 10.2 0.6 
04/17/13 14 0.025 0.067 28.1 29.2 0.29 8.9 0.38 
04/29/13 40 0.025 0.14 40.7 31.5 0.035 13 0.45 
05/13/13 14 0.066 0.071 34 24.5 0.035 10.5 0.3 
05/29/13 18 0.074 0.094 45.6 32.2 0.035 15.7 0.24 
06/10/13 20 0.025 0.11 53.4 35.3 0.035 17.7 0.13 
06/24/13 24 0.081 0.15 52.8 38 0.035 16.9 0.086 
07/10/13 34 0.1 0.068 28.5 19.5 0.12 8.5 0.18 
07/24/13 22 0.1 0.13 53.3 35.4 0.035 17 0.066 
08/05/13 32 0.08 0.3 70.9 53.4 0.035 22.3 0.055 
08/19/13 30 0.086 0.18 55.1 41.2 0.035 17.4 0.083 
09/02/13 36 0.11 0.055 28.2 16.7 0.19 8.1 0.12 
09/16/13 40 0.088 0.17 54.7 38.8 0.035 16.9 0.14 
09/30/13 44 0.12 0.2 50.4 42.2 0.035 15.8 0.074 
10/14/13 40 0.053 0.19 61.1 51 0.035 18.8 0.056 
10/28/13 40 0.07 0.26 60.3 54.4 0.035 18.2 0.14 
11/11/13 44 0.025 0.19 56.6 46.8 0.035 17.4 0.19 
11/18/13 36 0.025 0.18 50.1 46.3 0.035 14.1 0.26 
12/02/13 24 0.025 0.071 31.6 28.1 0.1 9.4 0.3 
12/16/13 28 0.025 0.11 32.8 28.9 0.035 10 0.39 
01/06/14 24 0.025 0.1 30.7 28 0.15 9.8 0.5 
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Table B- 14: Kiskiminetas-Vandergrift Raw Data for pH, Sodium, Specific Conductance, 
Strontium, Sulfate, Sulfur, TDS, TSS, Discharge, and Temperature. 
Collection 
Date   
          
 
 
pH 
at 
25o
C 
Sodium 
(mg/L) 
Specific 
Conductance 
(umhos/cm) 
Strontium 
(ug/L) 
Sulfate 
(mg/L) 
Sulfur 
(mg/L) 
Total 
Dissolved 
Solids 
(mg/L) 
Total 
Suspended 
Solids 
(mg/L) 
Discharge 
(cfs) 
Water 
Temp 
(°C) 
02/04/13 7.3 13.6 246  48.9 14.4 142 27 10000 3 
02/20/13 7.4 25.4 473  100 36.4 270 16 3000 1 
03/06/13 7.3 27.2 470  95.3 36 241 13 3400 3 
03/18/13 7.3 20.2 405  80.5 26.7 245 24 5780 4 
04/03/13 7.3 21.8 396  76.2 27.2 221 5 5100 6 
04/17/13 6.8 16 340  81.4 27.7 179 15 5150 15 
04/29/13 7.4 22.9 455  113 41.7 239 5 2100 14 
05/13/13 7.3 20.5 395  105 33.6 269 5 3600 14 
05/29/13 7.5 24.2 518  156 51.6 298 2 1330 21 
06/10/13 7.6 30.2 566  177 61.8 398 5 1340 23 
06/24/13 7.6 31.1 584  145 59.9 341 6 755 29 
07/10/13 7.5 15.6 327  62 25.6 186 70 2010 24 
07/24/13 7.7 27.1 550  135 57.8 319 2 1690 25 
08/05/13 7.6 41.9 772  181 74.1 494 6 580 22 
08/19/13 7.7 33.7 686  147 60.8 372 9 685 23 
09/02/13 7.3 13.9 303  58.9 23.9 195 18 3390 23 
09/16/13 7.7 30.6 546  142 56.8 364 2 1250 21 
09/30/13 8.1 31.9 624  134 50.2 413 2 825 20 
10/14/13 7.6 33.1 750  204 65.8 400 4 1680 17 
10/28/13 7.8 37 667  180 67.4 468 2 890 11 
11/11/13 7.5 33.3 623  153 56 353 5 1300 8 
11/18/13 7.3 32.2 551  136 47.5 348 16 1305 9.4 
12/02/13 7.3 20 358  80.7 29.8 225 5 3435 3.1 
12/16/13 7.1 21.2 409  81.2 29.2 215 7 3005 1 
01/06/14 6.8 21.1 363  81.5 30.6 234 17 2875 0.8 
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Table B- 15:  Kiskiminetas-Leechburg Raw Data for Alkalinity, Aluminum, Bromide, 
Calcium, Chloride, iron, Magnesium, and Manganese. 
Collection 
Date 
Alkalinity 
(mg/L) 
Aluminum 
(mg/L) 
Bromide 
(mg/L) 
Calcium 
(mg/L) 
Chloride 
(mg/L) 
Iron 
(mg/L) 
Magnesium 
(mg/L) 
Manganese 
(mg/L) 
01/20/14 26 0.025 0.066 34.3 37.4 0.08 10.6 0.46 
02/21/14 32 0.025 0.1 36.2 79.9 0.035 10.5 0.37 
03/10/14 26 0.025 0.13 47.4 56.8 0.12 14.3 0.64 
03/24/14 20 0.025 0.1 31.1 31 0.035 9.9 0.44 
04/07/14 22 0.052 0.042 22.2 23.5 0.091 6.6 0.18 
04/23/14 24 0.025 0.096 38.9 28.2 0.035 12.7 0.39 
05/05/14 26 0.025 0.054 28.4 23 0.035 9 0.23 
05/22/14 22 0.025 0.063 24.4 18.3 0.085 7.5 0.15 
06/05/14 31 0.071 0.14 37.4 16.1 0.035 11.5 0.14 
06/19/14 30 0.025 0.12 31.6 23.2 0.035 9.1 0.23 
06/30/14 32 0.074 0.18 42.4 27.2 0.035 13.8 0.13 
07/14/14 36 0.09 0.3 57.8 49.9 0.035 18.3 0.022 
07/29/14 39 0.067 0.3 57.7 51.1 0.035 18.8 0.027 
08/12/14 42 0.025 0.19 51.8 49.6 0.035 15.2 0.048 
08/26/14 44 0.057 0.27 52.5 45.4 0.035 17.2 0.041 
09/10/14 44 0.057 0.27 65.3 59.2 0.035 21 0.048 
09/22/14 40 0.061 0.38 79.4 69.5 0.035 25.7 0.04 
10/06/14 48 0.077 0.3 85.2 70.3 0.035 26.6 0.051 
10/20/14 46 0.067 0.15 76.1 60.2 0.035 25 0.049 
11/05/14 50 0.025 0.28 74.5 64.9 0.035 23.8 0.059 
11/19/14 60 0.025 0.18 69.4 55.1 0.035 20.9 0.13 
12/03/14 44 0.025 0.11 57.4 59.4 0.035 17.8 0.24 
12/15/14 38 0.025 0.081 37.5 50.4 0.26 11.8 0.66 
01/07/15 38 0.025 0.13 32.4 37.2 0.035 9.8 0.32 
02/11/15 36 0.025 0.085 33.1 54.9 0.035 9.8 0.33 
03/11/15 26 0.025 0.059 21.2 33.1 0.08 6.2 0.22 
03/25/15 22 0.025 0.057 25.1 24.1 0.035 7.8 0.31 
04/06/15 24 0.025 0.047 37.1 26.8 0.035 12 0.46 
04/22/15 26 0.025 0.038 27.8 22.9 0.035 8.5 0.33 
05/04/15 30 0.025 0.038 25.9 25.6 0.035 8.2 0.23 
05/19/15 36 0.053 0.07 37.7 25.3 0.035 12 0.18 
06/04/15 42 0.025 0.25 59.4 62.9 0.66 18.5 0.65 
06/15/15 38 0.099 0.081 26.9 25.3 0.14 8 0.088 
 
 
 
 
 
 162 
   
Table B- 16: Kiskiminetas-Leechburg Raw Data for pH, Sodium, Specific Conductance, 
Strontium, Sulfate, Sulfur, TDS, TSS, Discharge, and Temperature. 
Collectio
n Date   
          
 
 
pH 
at 
25o
C 
Sodium 
(mg/L) 
Specific 
Conductance 
(umhos/cm) 
Strontium 
(ug/L) 
Sulfate 
(mg/L) 
Sulfur 
(mg/L) 
Total 
Dissolve
d Solids 
(mg/L) 
Total 
Suspended 
Solids 
(mg/L) 
Discharge 
(cfs) 
Water 
Temp 
(°C) 
01/20/14 7.1 22.2 391  96.4 32.2 169 10 3190 0.8 
02/21/14  38.6 524 193 103  242  4890 0 
03/10/14 7.2 29  278 148  237  2060 3.66 
03/24/14 7.1 20.4  185 92.9  241  4000 4 
04/07/14  16.7  121 48.6  149  10800 8 
04/23/14  27.2  203 119  296  2060 12.1 
05/05/14  21.8  147 82.8  212  4270 11.6 
05/22/14  13.4  133 61  148  10300 16 
06/05/14  23  216 61.7  259  1750 20 
06/19/14  16.8  194 81.7  226  3500 22 
06/30/14  23.2  223 117  296  1500 24 
07/14/14  33.5  390 269  451  855 25 
07/29/14  35.3  400 184  366  980 21 
08/12/14  31.4  416 157  393  1650 22 
08/26/14  30.1  318 155  364  1150 21.9 
09/10/14  42.5  553 200  440  770 22.3 
09/22/14  47.5  607 252  533  680 18 
10/06/14  57.5  625 266  577  310 17 
10/20/14  45.2  520 236  521  765 12.8 
11/05/14  50.1  566 237  497  330 10.6 
11/19/14  44.7  453 223  450  990 0.3 
12/03/14  41.5  323 179  382  925 4.3 
12/15/14  26.2  192 103  228  1180 4.2 
01/07/15  34.2  198 82.7  206  4200 0 
02/11/15  48.1  159 75.2  240  4900 0.7 
03/11/15  19.9  100 43  166  13500 1.5 
03/25/15  16.2  166 56.6  229  3520 4.8 
04/06/15  20.9  185 91.1  250  12370 10 
04/22/15  16.8  149 67  226  5870 10.1 
05/04/15  15.2  131 84.9  191  5866 15.4 
05/19/15  20.4  200 97.7  224  4425 20.6 
06/04/15  36.2  308 182  419  835 21.4 
06/15/15  19.7  155 72.2  217  4940 21.3 
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Table B- 17:  Loyalhanna Creek Raw Data for Acidity, Alkalinity, Aluminum, Bromide, 
Calcium, Chloride, iron, Magnesium, and Manganese. 
Collection 
Date 
Alkalinity 
(mg/L) 
Aluminum 
(mg/L) 
Bromide 
(mg/L) 
Calcium 
(mg/L) 
Chloride 
(mg/L) 
Iron 
(mg/L) 
Magnesium 
(mg/L) 
Manganese 
(mg/L) 
01/23/13 20 0.025 0.049 20.3 17.9 0.097 6.2 0.063 
02/04/13 21 0.025 0 14.5 25.2 0.035 4.2 0.04 
02/20/13 22 0.025 0 17.4 28 0.078 5 0.045 
03/06/13 18 0.025 0 18.8 21.9 0.035 6 0.061 
03/18/13 24 0.025 0 17.9 75.6 0.035 5.8 0.06 
04/03/13 20 0.025 0 16 15.9 0.035 5.5 0.056 
04/17/13 20 0.025 0 13.7 13 0.035 3.7 0.037 
04/29/13 32 0.025 0 17.8 16.2 0.088 5 0.051 
05/13/13 22 0.025 0 13.9 14.3 0.072 3.6 0.044 
05/29/13 20 0.025 0 18.9 18.2 0.15 5.2 0.059 
06/10/13 38 0.025 0 21.9 24 0.16 5.9 0.08 
06/24/13 42 0.058 0 23.9 17.5 0.1 6.3 0.11 
07/10/13 38 0.066 0 16.3 22.2 0.11 3.4 0.023 
07/24/13 36 0.087 0 27.2 15.5 0.079 7.6 0.039 
08/05/13 46 0.055 0 31 16.7 0.035 8.7 0.054 
08/19/13 50 0.051 0 28.2 22.6 0.083 7.3 0.16 
09/02/13 20 0.025 0 15.9 26.8 0.099 3.7 0.023 
09/16/13 46 0.067 0 26.6 14.2 0.1 7.1 0.034 
09/30/13 46 0.025 0 23.2 14.6 0.14 6 0.031 
10/14/13 50 0.025 0.028 26.1 16.1 0.1 6.6 0.023 
10/28/13 44 0.025 0 25.6 17.1 0.12 6.5 0.04 
11/11/13 38 0.025 0.024 20 15.7 0.13 5.1 0.019 
11/18/13 40 0.025 0 20.7 15 0.1 4.8 0.023 
12/02/13 20 0.025 0 15.4 13.1 0.035 4.1 0.033 
12/16/13 26 0.025 0.033 19 30.4 0.075 5.5 0.044 
01/06/14 26 0.17 0.038 16.4 34.1 0.18 5.1 0.05 
01/20/14 20 0.025 0 17.9 22.7 0.11 5.2 0.049 
02/24/14 18 0.025 0 13.6 25.5 0.035 4.1 0.042 
03/10/14 22 0.025 0 19.9 29.2 0.08 5.7 0.047 
03/24/14 20 0.025 0.026 15.2 17.8 0.077 4.2 0.036 
04/07/14 18 0.025 0 13.7 14.7 0.035 4.5 0.038 
04/23/14 28 0.051 0 18.3 16.2 0.091 5.1 0.045 
05/05/14 23 0.025 0 13.5 13.5 0.035 3.9 0.029 
05/22/14 24 0.13 0 15.6 11.2 0.22 4.6 0.035 
06/05/14 39 0.052 0 19.7 21.8 0.098 5 0.033 
06/19/14 38 0.051 0.027 18.8 18.4 0.09 4.2 0.042 
06/30/14 47 0.025 0.032 27.5 25.4 0.15 7.5 0.21 
07/14/14 46 0.025 0 25.7 19.6 0.11 7.1 0.11 
07/29/14 50 0.025 0 25.3 20.2 0.16 6.5 0.064 
08/12/14 56 0.079 0 30 26.9 0.11 7.6 0.15 
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Table B-17 Continued 
Collection 
Date 
Alkalinity 
(mg/L) 
Aluminum 
(mg/L) 
Bromide 
(mg/L) 
Calcium 
(mg/L) 
Chloride 
(mg/L) 
Iron 
(mg/L) 
Magnesium 
(mg/L) 
Manganese 
(mg/L) 
08/26/14 56 0.025 0 26.5 26.8 0.087 7 0.16 
09/10/14 58 0.081 0.045 31 31.4 0.084 7.5 0.12 
09/22/14 56 0.059 0.049 29.3 27.1 0.11 7.5 0.11 
10/06/14 64 0.065 0 33.6 32.5 0.27 9.4 0.096 
10/20/14 62 0.025 0 29.4 25.1 0.24 7.5 0.097 
11/05/14 60 0.052 0 28.7 32 0.31 7.1 0.14 
11/19/14 44 0.025 0 22.2 24.1 0.13 5.3 0.063 
12/03/14 22 0.025 0 20.2 34.2 0.084 4.5 0.027 
12/15/14 34 0.025 0 15.5 16.7 0.099 4 0.04 
01/07/15 28 0.025 0 18.2 18.2 0.071 5 0.07 
02/11/15 24 0.065 0 14.8 21.8 0.035 4.5 0.036 
03/11/15 20 0.14 0 10.3 21 0.15 2.6 0.035 
03/25/15 26 0.025 0 18.1 21 0.035 5.5 0.052 
04/06/15 26 0.074 0 17.4 20 0.12 5 0.042 
04/22/15 24 0.052 0 13.9 12 0.072 4.1 0.033 
05/04/15 26 0.05 0 13.7 12.2 0.035 4 0.033 
05/19/15 40 0.025 0 16.6 13.6 0.1 4.7 0.042 
06/04/15 42 0.025 0 22.1 16.9 0.12 6.2 0.056 
06/15/15 24 0.32 0 9 7.1 0.46 2 0.068 
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Table B- 18: Loyalhanna Creek Raw Data for pH, Sodium, Specific Conductance, 
Strontium, Sulfate, Sulfur, TDS, TSS, Discharge, and Temperature. 
Collection 
Date   
          
 
 
pH 
at 
25o
C 
Sodium 
(mg/L) 
Specific 
Conductance 
(umhos/cm) 
Strontium 
(ug/L) 
Sulfate 
(mg/L) 
Sulfur 
(mg/L) 
Total 
Dissolved 
Solids 
(mg/L) 
Total 
Suspended 
Solids 
(mg/L) 
Discharge 
(cfs) 
Water 
Temp 
(°C) 
01/23/13 7.6 12.8 197  38.4 14.2 145 9 220  
02/04/13 7.3 15.7 221  28.6 10.1 114 52 470 1 
02/20/13 7.6 18.4 260  26.6 9.8 138 2 340 0 
03/06/13 7.4 14.4 249  36.5 13.4 120 2 290 1 
03/18/13 9.4 45.9 430  35.7 12.4 189 6 340 2 
04/03/13 7.3 10.4 190  33.5 11.4 123 2 360 3 
04/17/13 7.5 8.8 166  22.7 7.7 49 21 590 13 
04/29/13 7.4 9.2 197  30.1 11.1 75 2 170 12 
05/13/13 7.4 10 169  23.6 7.6 119 2 245 10 
05/29/13 7.6 11.6 216  29.5 10 115 8 140 16 
06/10/13 7.6 14.1 254  36.4 12.4 136 19 60 19 
06/24/13 7.6 12.5 252  32 15 99 9 44 22 
07/10/13 7.6 8.1 170  26 5.8 82 35 400 21 
07/24/13 7.7 11 259  35.1 16.3 152 5 98 20 
08/05/13 7.5 11.8 288  45.5 18.9 200 4 38 18 
08/19/13 7.5 15.5 328  35 15.5 151 18 54 19 
09/02/13 7.4 8.8 172  34.4 7.6 112 4 2100 24 
09/16/13 7.7 10.2 234  35.9 14.7 124 15 68 16 
09/30/13 8 8.8 248  35.2 12.3 175 8 54 15 
10/14/13 7.5 9.5 287  42.5 14 81 13 82 16 
10/28/13 7.7 10.6 251  39.8 15 153 2 59 7 
11/11/13 7.7 8.8 207  27.5 9.4 107 2 87 6 
11/18/13 7.4 9.7 205  22.7 8.8 135 48 470 9 
12/02/13 7.3 7.4 166  27 9.5 101 2 253 5 
12/16/13 7.1 20.1 268  29 11.3 139 7 270 1 
01/06/14 6.9 21.2 257  32.4 11.2 146 11 625 2 
01/20/14 7 13.2 216  35.2 12 101 2 280 1 
02/24/14  13.1  50.9 27.7  58  975 3 
03/10/14 7.3 14.8  68.9 35.9  92  240 3 
03/24/14 7.1 9.4  53.6 29  141  238 3 
04/07/14  9.2  51.1 27.4  107  682 7 
04/23/14  15  70.6 29.8  108  215 9.3 
05/05/14  9.2  51 24.7  76  285 ## 
05/22/14  7.6  58.6 28.2  82  375 16 
06/05/14  9.1  77.7 66.7  131  450 16 
06/19/14  12.5  66.1 22.4  133  375 19 
06/30/14  16.6  104 36.5  188  80 22 
07/14/14  10.6  100 39.5  174  80 22 
07/29/14  13.1  94.6 30.2  138  165 18 
08/12/14  14.2  110 49.3  192  55 20 
08/26/14  15.5  99.6 38  168  38 21 
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Table B-18 Continued 
Collection 
Date   
          
 
 
pH 
at 
25o
C 
Sodium 
(mg/L) 
Specific 
Conductance 
(umhos/cm) 
Strontium 
(ug/L) 
Sulfate 
(mg/L) 
Sulfur 
(mg/L) 
Total 
Dissolved 
Solids 
(mg/L) 
Total 
Suspended 
Solids 
(mg/L) 
Discharge 
(cfs) 
Water 
Temp 
(°C) 
09/10/14  18.6  115 46.5  187  25 22 
09/22/14  17.5  108 43.5  189  33 17 
10/06/14  19.4  130 55.4  209  18 14 
10/20/14  16.4  108 40  183  32 11 
11/05/14  17.2  101 40.4  157  28 10 
11/19/14  13.2  70.2 28.3  147  95 1 
12/03/14  20.7  73.1 22.4  131  330 5 
12/15/14  9.7  56.7 23.6  81  160 5 
01/07/15  11.8  66.7 31.2  97  220 0 
02/11/15  22.8  52.4 27.4  84  590 3 
03/11/15  12.3  35.2 12.8  96  2400 4 
03/25/15  13.2  66.1 28.2  179  285 4 
04/06/15  13.9  66.5 26.2  134  230 8 
04/22/15  9.2  51.3 21.1  144  500 9 
05/04/15  7.7  52.3 25.4  85  345 13 
05/19/15  9.4  66.6 25.6  81  275 19 
06/04/15  10.3  87.9 44.1  115  46 17 
06/15/15  5.4  35.2 10.3  86  7000 18 
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Table B-19: Acidity Raw Data for All Study Sites reported in mg/L.   
Collection 
Date 
C75 C37 BL A22 A30 A6 KS-V LY 
1/23/2013 5 5 5  5 11 5 5 
2/4/2013 5 5 16  5 5 5 5 
2/20/2013 5 5 16  5 5 5 5 
3/6/2013 5 5 20  5 5 5 5 
3/18/2013 5 5 5  5 5 5 5 
4/3/2013 5 5 5  5 5 5 5 
4/17/2013 5 5 5  5 5 5 5 
4/29/2013 5 5 5  5 5 5 5 
5/13/2013 5 5 5  5 5 5 5 
5/29/2013 5 5 5  5 5 5 5 
6/10/2013 5 5 5  5 5 5 5 
6/24/2013 5 5 22  5 5 5 5 
7/10/2013 5 5 5  5 5 5 5 
7/24/2013 5 5 12  5 5 5 5 
8/5/2013 5 5 30  5 5 5 5 
8/19/2013 5 5 5  5 5 5 5 
9/2/2013 5 5 5  5 5 5 5 
9/16/2013 5 5   5 5  5 
9/30/2013         
10/14/2013   5    5  
10/28/2013 5 5 5  5 5 5 5 
11/11/2013 5 5 5  5 5 5 5 
11/18/2013 5 5 5  5 5 5 5 
12/2/2013 5 5 5  5 5 5 5 
12/16/2013 5 5 5  5 5 5 5 
1/6/2014 5 5 5  5 5  5 
1/20/2014 5 5  5 5 5  5 
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Appendix C: Historical Raw Data 
Table C-1: Historic Aluminum Levels for Blacklick Creek, Conemaugh River (Tunnelton 
and Seward), and Loyalhanna Creek.   
Historic Aluminum (mg/L) 
Date Blacklick Date Conemaugh-
Tunnelton 
Date Conemaugh
-Seward 
Date Loyalhanna  
4/3/1950 19.9 3/31/1950 12.3 3/31/1950 11.7 4/3/1950 0.3 
6/6/1950 14 6/6/1950 10 6/6/1950 15 6/6/1950 3.4 
7/28/1950 33 7/28/1950 16 7/28/1950 12 7/31/1950 2 
10/23/1950 16 10/24/195
0 
13 10/20/1950 10.5 10/24/1950 1.3 
1/25/1951 8.9 1/26/1951 14 1/25/1951 15 1/30/1951 1.6 
3/29/1951 14 3/29/1951 14 3/29/1951 15 3/30/1951 3.5 
6/15/1951 21 6/15/1951 5.3 6/15/1951 6.9 6/15/1951 5.6 
8/6/1951 32 8/6/1951 19 8/20/1951 8.5 8/3/1951 2 
10/4/1951 22 10/4/1951 9 10/4/1951 4 10/5/1951 2 
12/3/1951 24 12/3/1951 9.5 12/3/1951 23 12/3/1951 13 
2/18/1952 10 2/18/1952 22 2/18/1952 24 2/18/1952 2.4 
4/23/1952 16.1 4/23/1952 10.6 4/23/1952 18.2 4/23/1952 6.5 
6/19/1952 42 6/19/1952 22 6/20/1952 22 6/19/1952 5 
9/2/1952 61 9/3/1952 43 9/2/1952 25 9/3/1952 6 
10/16/1952 78 10/16/195
2 
7 11/1/1952 13 10/16/1952 57 
12/8/1952 31 12/8/1952 18 12/3/1952 18 12/8/1952 3 
2/16/1953 22 2/16/1953 14 2/15/1953 18 2/16/1953 5.3 
4/10/1953 21 4/9/1953 6.3 4/13/1953 21 4/10/1953 18 
6/11/1953 26 6/11/1953 21 6/11/1953 22 6/18/1953 14 
9/11/1953 78 9/15/1953 31 9/11/1953 2 9/15/1953 10.6 
3/18/1954 14 3/18/1954 4.9 3/19/1954 12 3/16/1954 1.8 
7/9/1954 16 7/9/1954 17 7/9/1954 20 7/9/1954 1.1 
10/1/1954 28 11/1/1954 7 10/1/1954 7 10/5/1954 5 
7/7/1955 33 7/7/1955 16.4 7/8/1955 8.2 7/8/1955 0.6 
10/19/1955 22 10/21/195
5 
8.2 10/19/1955 7.2 10/24/1955 2.3 
6/12/1958 9.5 6/20/1958 10 6/12/1958 15.4 6/12/1958 4 
8/4/1958 1.4 8/4/1958 0 8/4/1958 1.4 8/5/1958 0 
8/20/1958 5.4 8/21/1958 5 8/20/1958 4.5 8/18/1958 1 
9/16/1958 5 9/18/1958 10 9/16/1958 3 9/16/1958 0 
1/13/1959 12.5 1/13/1959 10 1/13/1959 11.5 1/7/1959 1 
3/2/1959 2.5 3/2/1959 1.7 3/2/1959 1.7 3/3/1959 0 
1/19/1967 12 2/1/1967 0.66 2/1/1967 1.07 2/1/1967 0 
4/12/1967 3.8 4/26/1967 0.38 4/26/1967 1.7 4/24/1967 0.19 
6/30/1967 13.3 7/31/1967 2.3 7/31/1967 1.9 7/31/1967 0.21 
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10/4/1967 18.8 10/17/196
7 
4.7 10/17/1967 0.21 10/17/1967 0 
Table C-1 Continued 
Date Blacklick Date Conemaugh-
Tunnelton 
Date Conemaugh
-Seward 
Date Loyalhanna  
1/16/1968 22 1/17/1968 0.02 1/17/1968 0.02 1/24/1968 0.14 
4/3/1968 3.79 4/17/1968 7.77 4/16/1968 4.1 4/16/1968 0.32 
6/26/1968 31.8 7/16/1968 8.04 7/16/1968 5.7 7/16/1968 0.09 
10/8/1968 59 10/7/1968 12.5 10/8/1968 7.15 10/8/1968 0.23 
1/9/1969 17.2 1/7/1969 5.9 1/9/1969 4.2 1/30/1969 0.03 
4/8/1969 4.6 4/8/1969 2.55 4/8/1969 0.85 4/8/1969 0.05 
7/9/1969 39.5 7/9/1969 9 7/9/1969 3.3 7/9/1969 0.04 
9/30/1969 53.8 10/2/1969 16 1/7/1970 1.03 10/6/1969 0 
1/7/1970 19.5 1/7/1970 6 4/2/1970 2.5 1/7/1970 0.06 
4/2/1970 10.5 4/2/1970 4 7/2/1970 4.2 4/1/1970 0 
6/30/1970 16.8 7/2/1970 2.7 9/30/1970 6.4 7/2/1970 0.1 
7/1/1970 6 9/30/1970 11.2 1/4/1971 3.25 10/2/1970 0.06 
10/2/1970 108 12/31/197
0 
2.8 4/8/1971 2.2 12/31/1970 0.04 
1/7/1971 4.1 4/8/1971 3.5 9/29/1971 2.1 4/8/1971 0.03 
4/8/1971 136 6/28/1971 7 3/28/1972 2.5 6/29/1971 0.009 
9/28/1971 8.9 10/9/1971 7 10/25/1972 0.05 9/29/1971 0.048 
1/5/1972 7.4 3/30/1972 7.8 1/10/1973 6 1/4/1972 0.034 
8/2/1972 27.5 8/9/1972 0 4/4/1973 0 3/28/1972 0.028 
4/4/1973 0 1/4/1973 5 12/27/1973 2.65 8/1/1972 0.01 
9/28/1973 15.5 4/4/1973 0 1/14/1975 2.7 9/22/1972 0.08 
12/27/1973 4.4 9/28/1973 6 8/12/1975 4.1 12/21/1972 0.035 
3/27/1974 9.5 12/27/197
3 
2.5 2/10/1976 4.1 3/28/1973 0.26 
6/27/1974 12.5 3/27/1974 1.5 3/11/1976 3.5 4/26/1973 0.29 
9/26/1974 8.15 4/28/1975 0.5 4/14/1976 3.7 6/12/1973 0.18 
1/7/1975 6.3 11/6/1975 4.7 5/28/1976 3.6 7/2/1973 0.08 
4/11/1975 9 1/7/1976 0.1 6/16/1976 2.2 8/29/1973 0.28 
5/29/1975 8.2 2/10/1976 3.5 7/15/1976 3.3 5/16/1975 0.3 
8/13/1975 20 3/17/1976 3 8/12/1976 2.9 8/20/1975 0.2 
11/25/1975 7.5 4/9/1976 1.2 9/16/1976 0.45 2/6/1976 0.1 
1/28/1976 2.8 5/3/1976 3.2 10/22/1976 2.6 8/22/1977 0.3 
2/10/1976 7.2 9/21/1976 3.9 12/16/1976 2.7 11/2/1977 0.1 
3/18/1976 6.9 11/4/1976 2.75 2/15/1977 2.3 11/22/1977 0.1 
4/15/1976 8.8 2/7/1978 3.5 3/22/1977 1.6 12/19/1977 0.2 
5/28/1976 5.3 3/8/1978 5.2 4/13/1977 3 1/30/1978 2.3 
6/18/1976 5.2 4/24/1979 2.4 5/12/1977 3.2 1/31/1978 0.1 
7/15/1976 5.8 8/7/1979 0.7 6/21/1977 2.6 2/21/1978 0.1 
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8/12/1976 5.6 11/17/197
9 
1 8/31/1977 4.3 2/28/1978 0.1 
9/17/1976 10.5 2/5/1980 2.4 9/7/1977 0.1 8/22/1978 0.1 
10/22/1976 4.5 4/3/1980 0.4 9/17/1977 3 11/15/1978 0.2 
Table C-1 Continued 
Date Blacklick Date Conemaugh-
Tunnelton 
Date Conemaugh
-Seward 
Date Loyalhanna  
11/23/1976 7.7 5/14/1980 0.2 11/2/1977 2.9 2/8/1979 0.1 
12/16/1976 3.7 7/24/1980 1.4 11/22/1977 2.3 5/24/1979 9 
2/16/1977 3.8 8/27/1980 4.5 12/19/1977 2.7 2/28/1980 0.1 
3/22/1977 3.4 2/4/1981 0.2 1/31/1978 2 5/19/1980 0.8 
4/13/1977 6.3 5/13/1981 2.5 2/27/1978 3.4 8/27/1980 0.1 
5/10/1977 5 8/26/1981 5.1 3/30/1978 1.4 11/13/1980 0.1 
6/29/1977 13 9/4/1981 3.68 6/27/1978 4 2/19/1981 0.7 
7/18/1977 3.9 9/4/1981 8.61 7/27/1978 4.3 5/12/1981 0.1 
8/18/1977 4.4 9/4/1981 7.61 9/21/1978 9.9 8/12/1981 0.3 
10/26/1977 5.2 9/4/1981 6.97 10/25/1978 2.4 11/17/1981 0.1 
12/14/1977 4.3 9/4/1981 12.43 11/14/1978 2.7 2/3/1982 0.4 
4/20/1979 4.4 9/7/1981 0.51 12/28/1978 1.44 5/26/1982 0.2 
5/31/1979 3.4 9/7/1981 0.54 1/31/1979 2.5 8/11/1982 0.2 
7/19/1979 8.2 9/7/1981 0.59 5/24/1979 9.8 11/4/1982 0.4 
8/7/1979 7.5 9/7/1981 0.51 6/26/1979 3.4 11/18/1982 0.1 
9/6/1979 5.4 9/7/1981 0.54 7/12/1979 3 2/9/1983 0.07 
10/17/1979 7.99 2/24/1982 0.7 8/8/1979 3.3 5/3/1983 0.12 
11/17/1979 5.4 5/11/1982 2.8 9/24/1979 1.7 8/3/1983 0.38 
12/5/1979 6.2 8/5/1982 3.5 10/30/1979 3.33 11/15/1983 0.26 
2/5/1980 5.8 11/17/198
2 
3.2 12/27/1979 1.4 2/7/1984 0.32 
4/3/1980 4.2 2/4/1983 6.81 1/28/1980 3.8 5/2/1984 0.18 
5/14/1980 2.6 2/4/1983 10.89 2/28/1980 1.6 8/7/1984 0.7 
7/23/1980 4 2/4/1983 7.94 3/25/1980 1.7 10/19/1984 0.8 
8/26/1980 6.9 2/4/1983 5.87 4/15/1980 2.7 2/20/1985 0.15 
9/23/1980 7 2/4/1983 1.48 5/29/1980 2.6 5/13/1985 1.48 
1/19/1981 6.8 2/4/1983 16.7 6/30/1980 1.8 8/19/1985 0.95 
2/4/1981 2.3 2/4/1983 7.65 7/29/1980 2.9 10/10/1985 0.15 
3/18/1981 3.8 2/4/1983 5.77 8/27/1980 4.4 2/20/1986 0.93 
4/21/1981 4.7 2/4/1983 7.94 9/17/1980 3.1 5/6/1986 0.15 
5/13/1981 3.4 2/4/1983 5.87 10/8/1980 4 8/4/1986 0.25 
6/24/1981 3.6 2/4/1983 16.7 11/19/1980 3.7 11/5/1986 0.56 
7/7/1981 4.6 2/4/1983 7.65 12/11/1980 1.9 2/12/1987 0.17 
8/26/1981 7.9 2/4/1983 1.48 1/8/1981 1.96 5/5/1987 0.2 
9/16/1981 7 2/4/1983 0.65 2/19/1981 2.4 8/3/1987 12.3 
10/28/1981 3.3 2/4/1983 10.89 3/19/1981 2.3 11/18/1987 0.74 
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11/23/1981 4.6 2/4/1983 0.92 4/21/1981 2.4   
12/2/1981 4.7 2/4/1983 5.77 5/12/1981 3.1   
1/6/1982 2.9 2/4/1983 6.81 6/25/1981 3.2   
2/24/1982 3.9 2/10/1983 0.7 7/16/1981 3.7   
Table C-1 Continued 
Date Blacklick Date Conemaugh-
Tunnelton 
Date Conemaugh
-Seward 
Date Loyalhanna  
3/3/1982 4.5 3/23/1983 0.52 8/12/1981 2.4   
5/11/1982 3.5 3/23/1983 4.72 9/17/1981 3.1   
7/13/1982 5.9 3/23/1983 2.18 10/14/1981 3.4   
9/28/1982 6 3/23/1983 2.42 11/17/1981 2.6   
10/21/1982 5.7 3/23/1983 3.49 12/29/1981 2.1   
11/15/1982 4.5 3/23/1983 0.81 1/6/1982 1.1   
2/2/1983 3.5 3/23/1983 4.87 2/3/1982 1.7   
3/22/1983 2.6 3/23/1983 1.61 3/16/1982 1.6   
4/11/1983 2.5 3/23/1983 6.49 4/8/1982 1.77   
5/18/1983 3.31 3/23/1983 3.91 5/26/1982 1.8   
6/2/1983 4.15 3/23/1983 4.72 6/16/1982 1.3   
7/11/1983 6.3 3/23/1983 3.49 7/6/1982 3.32   
8/2/1983 3.59 3/23/1983 4.87 7/14/1982 2.9   
9/21/1983 5.57 3/23/1983 1.61 8/11/1982 2.9   
10/4/1983 3.49 3/23/1983 6.49 9/16/1982 2.7   
11/15/1983 3.22 3/23/1983 0.52 10/14/1982 2.7   
3/1/1984 5.1 3/23/1983 3.91 11/4/1982 3.5   
3/29/1984 4.04 3/23/1983 2.18 11/18/1982 3.3   
4/26/1984 2.93 3/23/1983 2.42 12/2/1982 1.6   
5/23/1984 2.5 3/23/1983 0.81 1/18/1983 1   
6/21/1984 2.7 4/11/1983 1 2/9/1983 1.56   
7/24/1984 6.5 4/11/1983 4.23 3/9/1983 1.9   
8/9/1984 3.8 4/11/1983 0.16 4/5/1983 1.04   
10/17/1984 5.9 4/11/1983 0.21 5/3/1983 0.73   
10/22/1984 4.4 4/11/1983 1.1 6/8/1983 2.57   
11/13/1984 3.44 4/11/1983 1.62 7/6/1983 3.32   
12/17/1984 3.06 4/11/1983 0.85 8/3/1983 3.85   
1/10/1985 5.46 4/11/1983 1.15 9/7/1983 3.88   
2/25/1985 6.39 4/11/1983 0.94 10/19/1983 1.81   
3/6/1985 3.91 4/11/1983 2.45 11/15/1983 1.47   
4/25/1985 2.65 5/23/1983 0.24 12/21/1983 3.42   
5/15/1985 9.13 6/23/1983 0.76 1/11/1984 4.52   
6/13/1985 6.12 6/24/1983 0.87 2/7/1984 2.5   
7/24/1985 4.89 8/4/1983 4.45 3/8/1984 2.04   
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8/12/1985 3.49 11/15/198
3 
0.38 4/4/1984 2.16   
9/3/1985 4.56 12/8/1983 1.74 5/2/1984 2.76   
10/1/1985 2.16 12/8/1983 0.86 6/14/1984 4.1   
11/19/1985 3.52 12/8/1983 1.24 7/5/1984 1.53   
12/2/1985 5.01 12/8/1983 2.9 8/7/1984 1.6   
Table C-1 Continued 
Date Blacklick Date Conemaugh-
Tunnelton 
Date Conemaugh
-Seward 
Date Loyalhanna  
1/2/1986 7.42 12/8/1983 3.15 9/13/1984 3.9   
2/27/1986 5.06 12/8/1983 0.84 10/18/1984 3.1   
3/11/1986 5.86 12/8/1983 0.4 11/13/1984 2.07   
4/10/1986 4.94 12/8/1983 0.66 12/11/1984 2.04   
5/7/1986 5.91 12/8/1983 1.04 1/16/1985 1.77   
6/24/1986 3.66 2/17/1984 0.88 2/20/1985 2.56   
7/1/1986 5.25 2/17/1984 3.44 3/18/1985 3.13   
8/6/1986 6.5 2/17/1984 2.68 4/8/1985 3.9   
9/24/1986 4.41 2/17/1984 1.44 5/16/1985 5.47   
10/16/1986 3.61 2/17/1984 1 6/19/1985 2.72   
11/4/1986 6.27 2/17/1984 3.49 7/16/1985 1.75   
12/11/1986 2.34 2/17/1984 1.18 8/27/1985 3.91   
1/15/1987 6.09 2/17/1984 0.77 9/9/1985 4.35   
2/23/1987 5.43 2/17/1984 1.11 10/16/1985 3.69   
3/9/1987 3.71 2/17/1984 1.01 11/18/1985 1.99   
4/13/1987 3.68 3/1/1984 5.46 12/4/1985 3.71   
5/4/1987 4.5 5/23/1984 1.5 1/2/1986 4.77   
6/15/1987 2.54 8/9/1984 1.5 2/24/1986 2.08   
7/20/1987 2.86 10/17/198
4 
5.4 3/12/1986 1.68   
8/17/1987 2.55 10/22/198
4 
3.7 4/10/1986 3.09   
9/15/1987 6.2 2/20/1985 0.64 6/2/1986 2.87   
10/5/1987 3.25 5/7/1985 0.75 6/24/1986 2.4   
11/5/1987 2.94 5/8/1985 1.95 7/10/1986 1.73   
12/16/1987 3.67 7/24/1985 2.26 8/5/1986 2.68   
1/25/1988 2.72 8/12/1985 4.35 9/9/1986 2.84   
2/17/1988 4.98 11/19/198
5 
0.52 10/7/1986 1.21   
3/9/1988 2.884 2/27/1986 0.53 11/4/1986 2.62   
4/6/1988 1.96 5/7/1986 2.83 12/2/1986 1.97   
5/12/1988 2.44 8/6/1986 5.04 1/14/1987 3.78   
6/14/1988 4.1 11/4/1986 2.27 2/12/1987 3.05   
7/5/1988 3.02 2/23/1987 1.03 3/3/1987 2.08   
8/9/1988 3.35 5/4/1987 1.21 4/13/1987 2.22   
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9/8/1988 4.56 8/19/1987 1.37 5/12/1987 2.68   
10/3/1988 7.43 8/19/1987 1.56 6/15/1987 1.1   
11/9/1988 2.59 11/5/1987 2.19 7/20/1987 2.3   
12/5/1988 5.19 1/25/1988 0.38 8/3/1987 3.05   
1/5/1989 3.74 2/9/1988 0.249 9/15/1987 1.48   
2/7/1989 3.79 3/17/1988 1.2 10/5/1987 1.38   
3/14/1989 4.87 4/6/1988 0.75 11/5/1987 2.96   
Table C-1 Continued 
Date Blacklick Date Conemaugh-
Tunnelton 
Date Conemaugh
-Seward 
Date Loyalhanna  
4/4/1989 3.01 5/12/1988 0.319 12/16/1987 2.53   
5/17/1989 2.9 6/20/1988 2.29     
6/7/1989 5.06 7/5/1988 2.92     
7/11/1989 3.98 8/9/1988 1.18     
8/2/1989 6.42 9/8/1988 0.467     
9/5/1989 5.96 9/26/1988 0.636     
10/3/1989 3.3 10/3/1988 0.69     
11/7/1989 3.94 11/9/1988 0.166     
12/6/1989 4.88 12/5/1988 0.289     
1/4/1990 2.93 1/5/1989 0.638     
2/13/1990 3.46 2/14/1989 0.243     
3/6/1990 5.05 3/9/1989 0.137     
4/10/1990 2.39 4/6/1989 0.214     
5/9/1990 3.05 5/18/1989 0.192     
6/6/1990 3.41 6/20/1989 0.745     
7/11/1990 4.5 7/11/1989 0.135     
8/8/1990 3.33 8/10/1989 1.07     
9/13/1990 3.1 9/12/1989 2.05     
10/3/1990 3.3 10/12/198
9 
1.91     
11/13/1990 5.86 11/13/198
9 
0.253     
12/6/1990 1.78 1/8/1990 0.755     
1/3/1991 3.28 2/8/1990 0.144     
2/21/1991 2.22 3/6/1990 1     
3/6/1991 2.35 4/10/1990 0.27     
4/3/1991 2.06 5/9/1990 0.338     
5/2/1991 2.8 6/7/1990 0.306     
6/12/1991 7.27 7/12/1990 0.383     
7/9/1991 4.87 8/21/1990 1.42     
8/5/1991 3.03 9/6/1990 0.281     
9/18/1991 2.25 10/10/199
0 
0.189     
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10/1/1991 2.28 11/14/199
0 
0.135     
11/7/1991 2.34 12/6/1990 0.172     
12/3/1991 10.2 1/10/1991 0.277     
1/9/1992 3.02 2/6/1991 0.604     
2/4/1992 3.34 3/6/1991 0.205     
3/5/1992 2.65 4/9/1991 0.52     
4/16/1992 4.05 5/9/1991 0.135     
5/7/1992 3.63 6/12/1991 1.65     
6/8/1992 2.79 7/9/1991 0.896     
Table C-1 Continued 
Date Blacklick Date Conemaugh-
Tunnelton 
Date Conemaugh
-Seward 
Date Loyalhanna  
7/7/1992 2.52 8/13/1991 1.53     
8/4/1992 2.8 9/5/1991 2.06     
9/10/1992 4 10/16/199
1 
1.56     
10/7/1992 2.99 11/7/1991 1.78     
11/12/1992 2.56 12/12/199
1 
0.224     
12/15/1992 2.79 1/7/1992 0.141     
1/5/1993 3.35 2/11/1992 0.321     
2/3/1993 3.88 3/17/1992 0.135     
3/2/1993 7.35 4/7/1992 0.363     
4/14/1993 3.95 5/13/1992 0.185     
5/12/1993 4.36 6/17/1992 1.1     
6/8/1993 3.73 7/1/1992 1.33     
7/14/1993 2.97 8/18/1992 0.314     
8/2/1993 2.97 9/3/1992 0.19     
9/2/1993 5.23 10/7/1992 0.2222     
10/14/1993 2.92 11/12/199
2 
0.135     
11/4/1993 2.57 12/16/199
2 
0.135     
12/2/1993 3.68 1/5/1993 0.135     
1/13/1994 4.15 2/17/1993 0.303     
2/2/1994 3.23 3/18/1993 0.175     
3/8/1994 3.84 4/14/1993 0.388     
4/11/1994 2.69 5/6/1993 1.54     
5/3/1994 2.19 6/8/1993 2.16     
6/15/1994 2.82 7/14/1993 1.54     
7/6/1994 3.03 8/4/1993 1.08     
8/10/1994 2.45 9/8/1993 1.1     
9/8/1994 4.35 10/5/1993 0.148     
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10/11/1994 2.82 11/4/1993 0.135     
11/17/1994 8.32 12/7/1993 0.399     
12/7/1994 1.75 1/13/1994 0.765     
1/11/1995 2.17 2/14/1994 0.332     
2/9/1995 2.37 3/8/1994 0.313     
3/15/1995 2.18 4/5/1994 0.517     
4/10/1995 2.68 5/3/1994 0.399     
5/16/1995 1.79 6/6/1994 1.11     
6/6/1995 1.43 7/6/1994 0.981     
  8/2/1994 3.26     
  9/8/1994 0.285     
  10/11/199
4 
0.188     
Table C-1 Continued 
Date Blacklick Date Conemaugh-
Tunnelton 
Date Conemaugh
-Seward 
Date Loyalhanna  
  11/17/199
4 
0.302     
  12/7/1994 1.22     
  1/11/1995 0.188     
  2/9/1995 1.4     
  3/15/1995 0.145     
  4/10/1995 0.135     
  5/16/1995 0.21     
  6/8/1995 0.162     
  7/19/1995 0.135     
  8/16/1995 0.23     
  9/19/1995 1.37     
  10/19/199
5 
0.761     
  11/7/1995 0.301     
  12/5/1995 0.757     
  1/17/1996 0.227     
  2/13/1996 0.135     
  3/13/1996 0.281     
  4/3/1996 0.19     
  5/20/1996 0.135     
  6/13/1996 0.163     
  7/2/1996 0.15     
  8/23/1996 0.135     
  9/19/1996 0.454     
  10/8/1996 0.136     
  11/13/199
6 
0.255     
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  12/16/199
6 
0.135     
  1/15/1997 0.135     
  2/19/1997 0.197     
  3/13/1997 0.135     
  4/22/1997 0.282     
  5/8/1997 0.135     
  6/19/1997 0.376     
  7/15/1997 0.2     
  8/5/1997 0.2     
  9/11/1997 0.2     
  10/15/199
7 
0.2     
  11/17/199
7 
0.2     
  12/15/199
7 
0.57     
  1/14/1998 0.504     
Table C-1 Continued 
Date Blacklick Date Conemaugh-
Tunnelton 
Date Conemaugh
-Seward 
Date Loyalhanna  
  2/10/1998 0.322     
  3/26/1998 0.2     
  4/20/1998 0.411     
  5/21/1998 0.218     
  6/18/1998 0.788     
  7/7/1998 0.2     
  8/5/1998 0.2     
  10/21/199
8 
0.2     
  12/14/199
8 
0.2     
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Table C-2: Historic Sulfate Levels for Blacklick Creek, Conemaugh River (Tunnelton and 
Seward), and Loyalhanna Creek.   
Historic Sulfate (mg/L) 
Date Blacklick Date Conemaugh
-Tunnelton 
Date Conemaugh
-Seward 
Date Loyalhanna  
4/3/1950 295 3/31/1950 170 3/31/1950 180 4/3/1950 59 
6/6/1950 190 6/6/1950 150 6/6/1950 200 6/6/1950 32 
7/28/1950 550 7/28/1950 430 7/28/1950 450 7/31/1950 86 
10/23/195
0 
220 10/24/1950 220 10/20/1950 275 10/24/1950 49 
1/25/1951 102 1/26/1951 122 1/25/1951 118 1/30/1951 36 
3/29/1951 270 3/29/1951 245 3/29/1951 305 3/30/1951 61 
6/15/1951 110 6/15/1951 80 4/26/1951 57 6/15/1951 25 
8/6/1951 730 8/6/1951 450 6/15/1951 80 8/3/1951 98 
10/4/1951 1400 10/4/1951 950 8/20/1951 680 10/5/1951 160 
12/3/1951 380 12/3/1951 410 10/4/1951 490 12/3/1951 49 
2/18/1952 255 2/18/1952 225 12/3/1951 380 2/18/1952 45 
4/23/1952 208 4/23/1952 180 2/18/1952 180 4/23/1952 47 
6/19/1952 730 6/19/1952 480 4/23/1952 193 6/19/1952 104 
9/2/1952 1240 9/3/1952 520 6/20/1952 440 9/3/1952 68 
10/16/195
2 
1650 10/16/1952 600 9/2/1952 400 10/16/1952 96 
12/8/1952 380 12/8/1952 260 11/1/1952 440 12/8/1952 38 
2/16/1953 215 2/16/1953 190 12/3/1952 300 2/16/1953 38 
4/10/1953 194 4/9/1953 146 2/15/1953 190 4/10/1953 42 
6/11/1953 260 6/11/1953 184 4/13/1953 146 6/18/1953 61 
9/11/1953 1440 9/15/1953 700 6/11/1953 184 9/15/1953 190 
3/18/1954 300 3/18/1954 215 9/11/1953 620 3/16/1954 44 
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7/9/1954 365 7/9/1954 400 3/19/1954 235 7/9/1954 50 
10/1/1954 680 11/1/1954 360 7/9/1954 500 10/5/1954 41 
7/7/1955 470 7/7/1955 470 10/1/1954 455 7/8/1955 56 
10/19/195
5 
350 6/20/1958 520 7/8/1955 270 10/24/1955 68 
6/12/1958 480 8/4/1958 86 10/19/1955 330 6/12/1958 96 
8/4/1958 95 8/21/1958 280 6/12/1958 455 8/5/1958 19 
8/20/1958 350 9/18/1958 400 8/4/1958 130 8/18/1958 52 
9/16/1958 700 1/13/1959 310 8/20/1958 340 9/16/1958 58 
1/13/1959 310 3/2/1959 190 9/16/1958 455 1/7/1959 38 
3/2/1959 230 5/6/1959 121 1/13/1959 310 3/3/1959 10 
5/6/1959 155 5/15/1959 195 3/2/1959 190 5/6/1959 28 
8/5/1959 620 8/6/1959 350 5/6/1959 143 5/15/1959 52 
10/19/195
9 
860 10/19/1959 500 5/15/1959 166 8/5/1959 28 
2/8/1960 175 2/9/1960 150 8/5/1959 391 10/18/1959 74 
5/10/1960 109 5/12/1960 61 10/16/1959 359 2/8/1960 33 
Table C-2 Continued 
Date Blacklick Date Conemaugh
-Tunnelton 
Date Conemaugh
-Seward 
Date Loyalhanna  
8/15/1960 623 8/16/1960 351 2/8/1960 143 5/10/1960 23 
11/30/196
0 
500 4/26/1961 85 5/10/1960 90 8/15/1960 43 
4/26/1961 68 6/21/1962 365 8/15/1960 300 11/30/1960 37 
6/5/1962 660 9/13/1962 320 11/30/1960 314 4/27/1961 21 
9/6/1962 265 12/13/1962 290 6/21/1962 375 6/21/1962 61 
12/4/1962 750 3/21/1963 53 9/12/1962 290 9/13/1962 64 
3/12/1963 150 6/4/1963 400 12/14/1962 300 12/13/1962 52 
6/18/1963 680 9/18/1963 570 3/20/1963 76 3/21/1963 24 
8/30/1963 1900 12/19/1963 270 6/4/1963 60 6/5/1963 43 
12/5/1963 520 3/13/1964 94 9/19/1963 400 9/17/1963 91 
2/27/1964 340 6/11/1964 345 12/18/1963 340 12/13/1963 14 
5/19/1964 240 9/3/1964 365 3/13/1964 160 3/16/1964 30 
8/20/1964 1240 11/24/1964 365 6/11/1964 400 6/12/1964 53 
11/18/196
4 
835 2/25/1965 92 9/4/1964 595 9/3/1964 84 
2/15/1965 300 5/24/1965 505 11/24/1964 365 12/2/1964 24 
5/14/1965 475 8/27/1965 850 3/2/1965 186 3/8/1965 37 
8/18/1965 2325 11/30/1965 300 5/24/1965 450 5/27/1965 40 
11/9/1965 1200 2/16/1966 96 8/27/1965 790 8/26/1965 84 
2/3/1966 1075 5/11/1966 155 11/30/1965 355 11/30/1965 32 
5/3/1966 205 8/9/1966 600 2/16/1966 104 2/23/1966 48 
7/26/1966 1200 11/15/1966 215 5/11/1966 190 5/11/1966 33 
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10/25/196
6 
1300 2/1/1967 141 8/9/1966 418 8/10/1966 60 
1/19/1967 560 4/26/1967 141 11/15/1966 320 11/14/1966 20 
4/12/1967 310 7/31/1967 150 2/1/1967 133 2/1/1967 14 
6/30/1967 1013 10/17/1967 545 4/26/1967 160 4/24/1967 33 
10/4/1967 496 1/17/1968 380 7/31/1967 290 7/31/1967 32 
1/16/1968 740 4/17/1968 288 10/17/1967 480 10/17/1967 71 
4/3/1968 183 7/16/1968 405 1/17/1968 345 1/24/1968 65 
6/26/1968 860 10/7/1968 616 4/16/1968 255 4/16/1968 44 
10/8/1968 1400 1/7/1969 230 7/16/1968 430 7/16/1968 100 
1/9/1969 380 4/8/1969 95 10/8/1968 475 10/8/1968 86 
4/8/1969 145 7/9/1969 440 1/9/1969 284 1/30/1969 47 
7/9/1969 775 10/2/1969 550 4/8/1969 118 4/8/1969 17 
9/30/1969 1525 1/7/1970 216 7/9/1969 390 7/9/1969 51 
1/7/1970 175 4/2/1970 131 10/6/1969 375 10/6/1969 40 
4/2/1970 200 7/2/1970 188 1/7/1970 195 1/7/1970 39 
6/30/1970 480 9/30/1970 435 4/2/1970 133 4/1/1970 27 
7/1/1970 240 12/31/1970 135 7/2/1970 225 7/2/1970 35 
10/2/1970 725 4/8/1971 65 9/30/1970 320 10/2/1970 46 
Table C-2 Continued 
Date Blacklick Date Conemaugh
-Tunnelton 
Date Conemaugh
-Seward 
Date Loyalhanna  
1/7/1971 49 6/28/1971 150 1/4/1971 185 12/31/1970 39 
4/8/1971 225 10/9/1971 287 4/8/1971 63 4/8/1971 18 
6/29/1971 1250 1/6/1972 180 6/28/1971 88 6/29/1971 40 
9/28/1971 119 3/30/1972 218 9/29/1971 150 9/29/1971 45 
1/5/1972 250 8/9/1972 227 1/6/1972 32 1/4/1972 31 
3/28/1972 435 1/4/1973 236 3/28/1972 100 3/28/1972 45 
8/2/1972 816 4/4/1973 51 10/25/1972 363 8/1/1972 80 
1/4/1973 295 7/19/1973 395 1/10/1973 285 9/22/1972 103 
4/4/1973 79 9/28/1973 462 4/4/1973 45 10/16/1972 46 
7/19/1973 827 12/27/1973 135 7/26/1973 665 11/24/1972 22 
9/28/1973 957 3/27/1974 180 12/27/1973 51 12/21/1972 36 
12/27/197
3 
78 4/28/1975 60 1/14/1975 146 3/28/1973 120 
3/27/1974 215 11/6/1975 270 8/12/1975 330 4/26/1973 43 
6/27/1974 620 1/7/1976 125 2/10/1976 240 6/12/1973 75 
9/26/1974 99 2/10/1976 260 3/11/1976 160 7/2/1973 72 
1/7/1975 120 3/17/1976 130 4/14/1976 200 8/29/1973 84 
4/11/1975 350 4/9/1976 145 5/28/1976 280 1/3/1974 21 
4/18/1975 80 5/3/1976 250 6/16/1976 25 5/16/1975 14 
5/29/1975 340 9/21/1976 120 7/15/1976 225 8/20/1975 17 
6/24/1975 0.65 11/4/1976 144 8/12/1976 210 2/6/1976 35 
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8/13/1975 1020 2/7/1978 192 9/16/1976 360 8/6/1976 50 
11/25/197
5 
335 3/8/1978 390 10/22/1976 115 8/22/1977 60 
1/28/1976 95 4/24/1979 168 12/16/1976 125 11/2/1977 30 
2/10/1976 470 8/7/1979 98 2/15/1977 185 11/22/1977 20 
3/18/1976 210 11/17/1979 148 3/22/1977 90 12/19/1977 26 
4/15/1976 295 2/5/1980 278 4/13/1977 175 1/30/1978 39 
5/28/1976 155 4/3/1980 70 5/12/1977 185 1/31/1978 30 
7/15/1976 290 5/14/1980 78 6/21/1977 250 2/21/1978 245 
8/12/1976 270 7/24/1980 155 8/31/1977 360 2/28/1978 48 
9/17/1976 570 8/27/1980 290 9/7/1977 360 4/26/1978 126 
10/22/197
6 
175 2/4/1981 95 11/2/1977 210 5/30/1978 30 
11/23/197
6 
390 5/13/1981 202 11/22/1977 124 8/22/1978 64 
12/16/197
6 
160 8/26/1981 420 12/19/1977 110 11/15/1978 40 
2/16/1977 20 2/24/1982 110 1/31/1978 132 2/8/1979 35 
3/22/1977 130 5/11/1982 234 2/27/1978 288 5/24/1979 15 
4/13/1977 280 8/5/1982 356 3/30/1978 75 8/14/1979 20 
5/10/1977 230 11/17/1982 332 5/30/1978 156 2/28/1980 18 
6/29/1977 820 2/10/1983 142 6/27/1978 278 5/19/1980 48 
7/18/1977 208 5/23/1983 111 7/27/1978 288 8/27/1980 92 
Table C-2 Continued 
Date Blacklick Date Conemaugh
-Tunnelton 
Date Conemaugh
-Seward 
Date Loyalhanna  
8/18/1977 210 6/23/1983 108 8/21/1978 240 2/19/1981 20 
10/26/197
7 
310 6/24/1983 120 9/21/1978 235 5/12/1981 56 
12/14/197
7 
278 8/4/1983 495 10/25/1978 315 8/12/1981 38 
4/20/1979 212 11/15/1983 190 11/14/1978 345 11/17/1981 24 
5/31/1979 150 3/1/1984 138 12/28/1978 128 2/3/1982 20 
7/19/1979 525 5/23/1984 150 1/31/1979 175 5/26/1982 8 
9/6/1979 170 8/9/1984 289 3/27/1979 98 8/11/1982 82 
10/17/197
9 
240 10/17/1984 564 5/24/1979 152 11/4/1982 72 
11/17/197
9 
242 10/22/1984 490 6/26/1979 308 2/9/1983 40 
12/5/1979 158 2/20/1985 173 7/12/1979 233 5/3/1983 23 
1/7/1980 338 5/8/1985 138 8/8/1979 175 8/3/1983 59 
2/5/1980 480 7/24/1985 215 9/24/1979 115 11/15/1983 35 
4/3/1980 100 8/12/1985 482 10/30/1979 210 2/7/1984 27 
5/14/1980 78 11/19/1985 66 12/27/1979 118 5/2/1984 37 
7/23/1980 105 2/27/1986 79 1/28/1980 228 8/7/1984 33 
8/26/1980 358 5/7/1986 247 2/28/1980 142 10/19/1984 78 
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9/23/1980 600 8/6/1986 454 3/25/1980 90 2/20/1985 34 
1/19/1981 550 11/4/1986 298 4/15/1980 65 5/13/1985 40 
2/4/1981 100 2/23/1987 286 5/29/1980 158 8/19/1985 51 
3/18/1981 166 5/4/1987 166 6/30/1980 198 10/10/1985 94 
4/21/1981 166 8/19/1987 413 7/29/1980 208 2/20/1986 22 
5/13/1981 120 11/5/1987 356 8/27/1980 280 5/6/1986 42 
6/24/1981 204 1/25/1988 115 9/17/1980 348 8/4/1986 53 
7/7/1981 222 2/9/1988 77 10/8/1980 340 11/5/1986 25 
8/26/1981 520 3/7/1988 74 11/19/1980 258 2/12/1987 48 
9/16/1981 400 3/8/1988 65 12/11/1980 130 5/5/1987 29 
10/28/198
1 
52 3/17/1988 145 1/8/1981 275 8/3/1987 66 
11/23/198
1 
224 4/6/1988 157 2/19/1981 74 11/18/1987 45 
12/2/1981 192 5/12/1988 112 3/19/1981 140   
1/6/1982 104 6/20/1988 334 4/21/1981 134   
2/24/1982 140 7/5/1988 471 5/12/1981 148   
3/3/1982 180 8/9/1988 520 6/25/1981 200   
5/11/1982 226 9/8/1988 281 7/16/1981 314   
7/13/1982 400 9/26/1988 143 8/12/1981 308   
9/28/1982 410 10/3/1988 220 9/17/1981 276   
10/21/198
2 
520 11/9/1988 147 10/14/1981 318   
11/15/198
2 
320 12/5/1988 208 11/17/1981 216   
2/2/1983 224 1/5/1989 166 12/29/1981 144   
3/22/1983 98 2/14/1989 213 1/6/1982 92   
Table C-2 Continued 
Date Blacklick Date Conemaugh
-Tunnelton 
Date Conemaugh
-Seward 
Date Loyalhanna  
4/11/1983 106 3/9/1989 96 2/3/1982 118   
5/18/1983 165 4/6/1989 56 3/16/1982 78   
6/2/1983 175 5/18/1989 81 4/8/1982 115   
7/11/1983 455 6/20/1989 154 5/26/1982 176   
8/2/1983 550 7/11/1989 107 6/16/1982 116   
9/21/1983 690 8/10/1989 227 7/6/1982 250   
10/4/1983 780 9/12/1989 354 7/14/1982 274   
11/15/198
3 
330 10/12/1989 304 8/11/1982 386   
12/20/198
3 
210 11/13/1989 180 9/16/1982 352   
3/1/1984 187 1/8/1990 93 10/14/1982 400   
3/29/1984 98 2/8/1990 83 12/2/1982 156   
4/26/1984 172 3/6/1990 215 1/18/1983 264   
5/23/1984 155 4/10/1990 104 2/9/1983 165   
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6/21/1984 160 5/9/1990 121 3/9/1983 98   
7/24/1984 433 6/7/1990 174 4/5/1983 100   
8/9/1984 368 7/12/1990 215 5/3/1983 87   
9/19/1984 702 8/21/1990 382 6/8/1983 164   
10/17/198
4 
738 9/6/1990 325 7/6/1983 250   
10/22/198
4 
708 10/10/1990 216 8/3/1983 411   
11/13/198
4 
234 11/14/1990 116 9/7/1983 440   
12/17/198
4 
175 12/6/1990 113 10/19/1983 255   
1/10/1985 288 1/10/1991 117 11/15/1983 210   
2/25/1985 67 2/6/1991 149 12/21/1983 190   
3/6/1985 140 3/6/1991 88 1/11/1984 255   
4/25/1985 346 4/9/1991 175 2/7/1984 138   
5/15/1985 306 5/9/1991 137 3/8/1984 114   
6/13/1985 576 6/12/1991 371 4/4/1984 98   
7/24/1985 447 7/9/1991 372 5/2/1984 172   
8/12/1985 861 8/13/1991 518 6/14/1984 139   
9/3/1985 834 9/5/1991 450 7/5/1984 155   
10/1/1985 984 10/16/1991 536 8/7/1984 218   
11/19/198
5 
119 11/7/1991 539 9/13/1984 380   
12/2/1985 142 12/12/1991 167 10/18/1984 416   
1/2/1986 414 1/7/1992 161 11/13/1984 189   
2/27/1986 202 2/11/1992 216 12/11/1984 157   
3/11/1986 68 3/17/1992 110 1/16/1985 224   
4/10/1986 252 4/7/1992 117 2/20/1985 174   
5/7/1986 405 5/13/1992 132 3/18/1985 134   
6/24/1986 294 6/17/1992 310 4/8/1985 137   
Table C-2 Continued 
Date Blacklic
k 
Date Conemaugh
-Tunnelton 
Date Conemaugh
-Seward 
Date Loyalhann
a  
7/1/1986 577 7/1/1992 388 5/16/1985 225   
8/6/1986 648 8/18/1992 235 6/19/1985 297   
9/24/1986 797 9/3/1992 217 7/16/1985 198   
10/16/198
6 
228 10/7/1992 290 8/27/1985 323   
11/4/1986 455 11/12/1992 205 9/9/1985 402   
12/11/198
6 
119 12/16/1992 159 10/16/1985 412   
1/15/1987 238 1/5/1993 76 11/18/1985 75   
2/23/1987 401 2/17/1993 227 12/4/1985 128   
3/9/1987 100 3/18/1993 100 1/2/1986 241   
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4/13/1987 126 4/14/1993 124 2/24/1986 100   
5/4/1987 103 5/6/1993 176 3/12/1986 81   
6/15/1987 678 6/8/1993 303 4/10/1986 197   
7/20/1987 556 7/14/1993 322 6/2/1986 237   
8/17/1987 743 8/4/1993 306 6/24/1986 338   
8/17/1987 743 9/8/1993 306 7/10/1986 212   
9/15/1987 390 10/5/1993 168 8/5/1986 402   
10/5/1987 232 11/4/1993 163 9/9/1986 486   
11/5/1987 572 12/7/1993 70 10/7/1986 189   
12/16/198
7 
160 1/13/1994 133 11/4/1986 335   
1/25/1988 170 2/14/1994 142 12/2/1986 125   
2/17/1988 237 3/8/1994 126 1/14/1987 207   
3/9/1988 160 4/5/1994 79 2/12/1987 194   
4/6/1988 205 5/3/1994 143 3/3/1987 110   
5/12/1988 125 6/6/1994 246 4/13/1987 105   
6/14/1988 435 7/6/1994 342 5/12/1987 200   
7/5/1988 784 8/2/1994 396 6/15/1987 174   
8/9/1988 815 9/8/1994 197 7/20/1987 306   
9/8/1988 497 10/11/1994 268 8/3/1987 460   
10/3/1988 541 11/17/1994 208 9/15/1987 285   
11/9/1988 171 12/7/1994 95 10/5/1987 177   
12/5/1988 260 1/11/1995 152 11/5/1987 328   
1/5/1989 215 2/9/1995 187 12/16/1987 128   
2/7/1989 229 3/15/1995 113     
3/14/1989 165 4/10/1995 161     
4/4/1989 99 5/16/1995 132     
5/17/1989 86 6/8/1995 147     
6/7/1989 250 7/19/1995 165     
7/11/1989 168 8/16/1995 311     
8/2/1989 287 9/19/1995 460     
Table C-2 Continued 
Date Blacklic
k 
Date Conemaugh
-Tunnelton 
Date Conemaugh
-Seward 
Date Loyalhann
a  
9/5/1989 657 10/19/1995 376     
10/3/1989 289 11/7/1995 344     
11/7/1989 272 12/5/1995 102     
12/6/1989 224 1/17/1996 193     
1/4/1990 125 2/13/1996 106     
2/13/1990 148 3/13/1996 122     
3/6/1990 265 4/3/1996 116     
4/10/1990 134 5/20/1996 92     
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5/9/1990 173 6/13/1996 216     
6/6/1990 241 7/2/1996 150     
7/11/1990 243 8/23/1996 219     
8/8/1990 289 9/19/1996 83     
9/13/1990 312 10/8/1996 162     
10/3/1990 363 11/13/1996 66     
11/13/199
0 
156 12/16/1996 48     
12/6/1990 110 1/15/1997 151     
1/3/1991 123 2/19/1997 132     
2/21/1991 91 3/13/1997 78     
3/6/1991 101 4/22/1997 176     
4/3/1991 188 5/8/1997 191     
5/2/1991 171 6/19/1997 151     
6/12/1991 492 7/15/1997 281     
7/9/1991 103 8/5/1997 513     
8/5/1991 685 9/11/1997 233     
9/18/1991 721 10/15/1997 379     
10/1/1991 511 11/17/1997 75     
11/7/1991 788 12/15/1997 99     
12/3/1991 84 1/14/1998 57     
1/9/1992 219 2/10/1998 105     
2/4/1992 212 3/26/1998 116     
3/5/1992 182 4/20/1998 89     
4/16/1992 183 5/21/1998 158     
5/7/1992 209 6/18/1998 134     
6/8/1992 376 7/7/1998 202     
7/7/1992 580 8/5/1998 289     
8/4/1992 174 10/21/1998 314     
9/10/1992 290 12/14/1998 442.7     
10/7/1992 418       
11/12/199
2 
240       
Table C-2 Continued 
Date Blacklic
k 
Date Conemaugh
-Tunnelton 
Date Conemaugh
-Seward 
Date Loyalhann
a  
12/15/199
2 
154       
1/5/1993 107       
2/3/1993 230       
3/2/1993 294       
4/14/1993 156       
5/12/1993 287       
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6/8/1993 342       
7/14/1993 292       
8/2/1993 261       
9/2/1993 454       
10/14/199
3 
354       
11/4/1993 166       
12/2/1993 122       
1/13/1994 140       
2/2/1994 118       
3/8/1994 105       
4/11/1994 54       
5/3/1994 125       
6/15/1994 318       
7/6/1994 432       
8/10/1994 310       
9/8/1994 215       
10/11/199
4 
292       
11/17/199
4 
199       
12/7/1994 69       
1/11/1995 328       
2/9/1995 358       
3/15/1995 126       
4/10/1995 10       
5/16/1995 86       
6/6/1995 113       
 
 
 
 
Table C-3: Historic Chloride Levels for Blacklick Creek, Conemaugh River (Tunnelton 
and Seward), and Loyalhanna Creek.   
Historic Chloride (mg/L)  
Date Blacklick Date Conemaugh
-Tunnelton 
Date Conemaugh
-Seward 
Date Loyalhanna  
6/5/1962 5 6/21/1962 8 6/21/1962 8 6/21/1962 10 
9/6/1962 9 9/13/1962 3 9/12/1962 15 9/13/1962 22 
12/4/1962 10 12/13/1962 10 12/14/1962 12 12/13/1962 5 
3/12/1963 7 3/21/1963 6 3/20/1963 7 3/21/1963 4 
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6/18/1963 10 6/4/1963 10 6/4/1963 15 6/5/1963 11 
8/30/1963 9 9/18/1963 21 9/19/1963 27 9/17/1963 50 
12/5/1963 25 12/19/1963 18 12/18/1963 17 12/13/1963 17 
2/27/1964 22.5 3/13/1964 7 3/13/1964 7 3/16/1964 6 
5/19/1964 18 6/11/1964 13 6/11/1964 15 6/12/1964 14 
8/20/1964 15 9/3/1964 24 9/4/1964 20 9/3/1964 32 
11/18/196
4 
40 11/24/1964 9 11/24/1964 21 12/2/1964 11 
2/15/1965 10 2/25/1965 15 3/2/1965 12 3/8/1965 10 
5/14/1965 40 5/24/1965 7 5/24/1965 19 5/27/1965 7 
8/18/1965 40 8/27/1965 22 8/27/1965 26 8/26/1965 24 
11/9/1965 21 11/30/1965 17 11/30/1965 20 11/30/1965 11 
2/3/1966 17 2/16/1966 14 2/16/1966 12 2/23/1966 7 
5/3/1966 20 5/11/1966 7 5/11/1966 10 5/11/1966 5 
7/26/1966 14 8/9/1966 20 8/9/1966 18 8/10/1966 145 
10/25/196
6 
280 11/15/1966 15 11/15/1966 10 11/14/1966 9 
1/19/1967 40 2/1/1967 21 2/1/1967 22 2/1/1967 11 
4/12/1967 11 4/26/1967 9 4/26/1967 9 4/24/1967 5 
6/30/1967 10 7/31/1967 11 7/31/1967 15 7/31/1967 13 
10/4/1967 8 10/17/1967 13 10/17/1967 21 10/17/1967 15 
1/16/1968 20 1/17/1968 116 1/17/1968 26 1/24/1968 11 
4/3/1968 15 4/17/1968 10 4/16/1968 14 4/16/1968 7 
6/26/1968 10 7/16/1968 9 7/16/1968 27 7/16/1968 20 
10/8/1968 15 10/7/1968 21 10/8/1968 21 10/8/1968 17 
1/9/1969 12 1/7/1969 17 1/9/1969 32 1/30/1969 42 
4/8/1969 13 4/8/1969 15 4/8/1969 15 4/8/1969 7 
7/9/1969 18 7/9/1969 21 7/9/1969 27 7/9/1969 11 
9/30/1969 70 10/2/1969 17 10/6/1969 18 10/6/1969 16 
1/7/1970 14 1/7/1970 23 1/7/1970 21 1/7/1970 33 
4/2/1970 26 4/2/1970 15 4/2/1970 20 4/1/1970 10 
6/30/1970 8 7/2/1970 9 7/2/1970 10 7/2/1970 5 
7/1/1970 10 9/30/1970 65 9/30/1970 30 10/2/1970 11 
10/2/1970 12 12/31/1970 11 1/4/1971 16 12/31/1970 8 
Table C-3 Continued 
Date Blacklic
k 
Date Conemaugh
-Tunnelton 
Date Conemaugh
-Seward 
Date Loyalhann
a  
4/8/1971 4 6/28/1971 45 6/28/1971 50 6/29/1971 9 
6/29/1971 170 10/9/1971 13 9/29/1971 11 9/29/1971 6 
9/28/1971 10 1/6/1972 12 1/6/1972 12 1/4/1972 13 
1/5/1972 15 3/30/1972 11 3/28/1972 11 3/28/1972 7 
3/28/1972 9 8/9/1972 13 10/25/1972 15 8/1/1972 8 
8/2/1972 11 1/4/1973 12 1/10/1973 14 9/22/1972 11 
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1/4/1973 9 4/4/1973 4 4/4/1973 5 10/16/1972 9 
4/4/1973 4 7/19/1973 6 7/26/1973 15 11/24/1972 2 
7/19/1973 13 9/28/1973 18 12/27/1973 10 12/21/1972 8 
9/28/1973 11 12/27/1973 15 1/14/1975 12 2/7/1973 6 
12/27/197
3 
8 3/27/1974 12 8/12/1975 18 3/28/1973 4 
3/27/1974 10 4/28/1975 7 2/10/1976 35 4/26/1973 6 
6/27/1974 9 11/6/1975 11 3/11/1976 24 6/12/1973 9 
9/26/1974 9 1/7/1976 11 4/14/1976 14 7/2/1973 8 
1/7/1975 9 2/10/1976 28 5/28/1976 17 8/29/1973 12 
4/11/1975 8 3/17/1976 12 6/16/1976 20 1/3/1974 8 
4/18/1975 12 4/9/1976 12 7/15/1976 20 5/16/1975 5 
5/29/1975 8 5/3/1976 14 8/12/1976 12 8/20/1975 10 
6/24/1975 8.6 9/21/1976 15 9/16/1976 22 2/6/1976 9 
8/13/1975 11 11/4/1976 14 10/22/1976 10 8/6/1976 11 
11/25/197
5 
9 2/7/1978 16 12/16/1976 15 8/22/1977 10 
1/28/1976 9 3/8/1978 25 2/15/1977 35 11/2/1977 10 
2/10/1976 17 4/24/1979 12 3/22/1977 13 11/22/1977 10 
3/18/1976 2 8/7/1979 10 4/13/1977 10 12/19/1977 10 
4/15/1976 13 11/17/1979 11 5/12/1977 14 1/30/1978 18 
5/28/1976 9 2/5/1980 18 6/21/1977 23 1/31/1978 10 
6/18/1976 3 4/3/1980 10 8/31/1977 19 2/21/1978 24 
7/15/1976 8 5/14/1980 10 9/7/1977 17 2/28/1978 14 
8/12/1976 6.5 7/24/1980 10 9/17/1977 19 4/26/1978 11 
9/17/1976 10 8/27/1980 14 11/2/1977 12 5/30/1978 10 
10/22/197
6 
8 2/4/1981 37 11/22/1977 13 8/22/1978 10 
11/23/197
6 
12 5/13/1981 12 12/19/1977 14 11/15/1978 10 
12/16/197
6 
10 8/26/1981 24 1/31/1978 11 2/8/1979 10 
2/16/1977 12 2/24/1982 18 2/27/1978 22 5/24/1979 10 
3/22/1977 10 5/11/1982 14 3/30/1978 10 8/14/1979 10 
4/13/1977 10 8/5/1982 20 5/30/1978 11 2/28/1980 10 
5/10/1977 10 11/17/1982 21 6/27/1978 15 5/19/1980 10 
6/29/1977 11 2/10/1983 21 7/27/1978 20 8/27/1980 10 
7/18/1977 10 5/23/1983 9 8/21/1978 18 11/13/1980 10 
Table C-3 Continued 
Date Blacklic
k 
Date Conemaugh
-Tunnelton 
Date Conemaugh
-Seward 
Date Loyalhann
a  
8/18/1977 10 8/4/1983 18 9/21/1978 18 2/19/1981 10 
10/26/197
7 
35 11/15/1983 20 10/25/1978 18 5/12/1981 10 
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12/14/197
7 
12 3/1/1984 21 11/14/1978 19 8/12/1981 10 
4/20/1979 10 5/23/1984 11 12/28/1978 14 11/17/1981 10 
5/31/1979 10 8/9/1984 12 1/31/1979 20 2/3/1982 14 
7/19/1979 12 10/17/1984 19 3/27/1979 10 5/26/1982 10 
8/7/1979 10 10/22/1984 19 5/24/1979 15 8/11/1982 11 
9/6/1979 14 2/20/1985 27 6/26/1979 18 11/4/1982 12 
10/17/197
9 
10 5/8/1985 15 7/12/1979 10 2/9/1983 12 
11/17/197
9 
21 7/24/1985 13 8/8/1979 13 5/3/1983 5 
12/5/1979 10 8/12/1985 24 9/24/1979 12 8/3/1983 9 
1/7/1980 10 11/19/1985 9 10/30/1979 11 11/15/1983 12 
2/5/1980 10 2/27/1986 12 12/27/1979 11 2/7/1984 19 
4/3/1980 10 5/7/1986 13 1/28/1980 15 5/2/1984 7 
5/14/1980 10 8/6/1986 21 2/28/1980 15 8/7/1984 6 
7/23/1980 10 11/4/1986 18 3/25/1980 16 10/19/1984 10 
8/26/1980 10 2/23/1987 18 4/15/1980 10 2/20/1985 25 
9/23/1980 11 5/4/1987 11 5/29/1980 10 5/13/1985 8 
1/19/1981 12 8/19/1987 21 6/30/1980 15 8/19/1985 13 
2/4/1981 18 11/5/1987 23 7/29/1980 11 10/10/1985 14 
3/18/1981 10   8/27/1980 17 2/20/1986 10 
4/21/1981 10   9/17/1980 19 5/6/1986 8 
5/13/1981 10   10/8/1980 19 8/4/1986 9 
6/24/1981 10   11/19/1980 21 11/5/1986 10 
7/7/1981 10   12/11/1980 12 2/12/1987 12 
8/26/1981 11   1/8/1981 3 5/5/1987 5 
9/16/1981 10   2/19/1981 13 8/3/1987 11 
10/28/198
1 
10   3/19/1981 14 11/18/1987 9 
11/23/198
1 
10   4/21/1981 11   
12/2/1981 10   6/25/1981 13   
1/6/1982 12   7/16/1981 16   
2/24/1982 12   8/12/1981 20   
3/3/1982 15   9/17/1981 16   
5/11/1982 10   10/14/1981 20   
7/13/1982 11   11/17/1981 13   
9/28/1982 12   12/29/1981 18   
10/21/198
2 
12   1/6/1982 16   
11/15/198
2 
10   2/3/1982 28   
2/2/1983 12   3/16/1982 10   
Table C-3 Continued 
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Date Blacklic
k 
Date Conemaugh
-Tunnelton 
Date Conemaugh
-Seward 
Date Loyalhann
a  
3/22/1983 10   4/8/1982 12   
4/11/1983 10   5/26/1982 14   
5/18/1983 7   7/6/1982 10   
6/2/1983 7   7/14/1982 12   
7/11/1983 9   8/11/1982 20   
8/2/1983 10   9/16/1982 24   
9/21/1983 12   10/14/1982 22   
10/4/1983 12   11/4/1982 20   
11/15/198
3 
12   12/2/1982 18   
12/20/198
3 
8   1/18/1983 18   
3/1/1984 11   2/9/1983 18   
3/29/1984 9   3/9/1983 12   
4/26/1984 10   4/5/1983 9   
5/23/1984 7   5/3/1983 8   
6/21/1984 7   6/8/1983 9   
7/24/1984 10   7/6/1983 10   
8/9/1984 10   8/3/1983 18   
9/19/1984 11   9/7/1983 21   
10/17/198
4 
11   10/19/1983 17   
10/22/198
4 
10   11/15/1983 18   
11/13/198
4 
9   12/21/1983 11   
12/17/198
4 
8   1/11/1984 26   
1/10/1985 10   2/7/1984 27   
2/25/1985 22   3/8/1984 16   
3/6/1985 11   4/4/1984 12   
4/25/1985 9   5/2/1984 11   
5/15/1985 9   6/14/1984 11   
6/13/1985 10   7/5/1984 10   
7/24/1985 11   8/7/1984 11   
8/12/1985 13   9/13/1984 16   
9/3/1985 13   10/18/1984 16   
10/1/1985 17   11/13/1984 14   
11/19/198
5 
7   12/11/1984 15   
12/2/1985 7   1/16/1985 18   
1/2/1986 11   2/20/1985 26   
2/27/1986 9   3/18/1985 11   
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3/11/1986 34   4/8/1985 9   
4/10/1986 10   5/16/1985 14   
5/7/1986 11   6/19/1985 20   
Table C-3 Continued 
Date Blacklic
k 
Date Conemaugh
-Tunnelton 
Date Conemaugh
-Seward 
Date Loyalhann
a  
6/24/1986 32   7/16/1985 12   
7/1/1986 11   8/27/1985 15   
8/6/1986 17   9/9/1985 24   
9/24/1986 38   10/16/1985 24   
10/16/198
6 
11   11/18/1985 10   
11/4/1986 11   12/4/1985 10   
12/11/198
6 
8   1/2/1986 15   
1/15/1987 18   2/24/1986 11   
2/23/1987 12   3/12/1986 14   
3/9/1987 10   4/10/1986 14   
4/13/1987 7   6/2/1986 18   
5/4/1987 7   6/24/1986 16   
6/15/1987 14.6   7/10/1986 14   
7/20/1987 13   8/5/1986 18   
8/17/1987 13   9/9/1986 36   
8/17/1987 13   10/7/1986 15   
9/15/1987 16   11/4/1986 17   
10/5/1987 11   12/2/1986 10   
11/5/1987 14   1/14/1987 29   
12/16/198
7 
15   2/12/1987 19   
9/14/1989 23   3/3/1987 16   
2/3/1993 15   4/13/1987 8   
3/2/1993 21   5/12/1987 9   
    6/15/1987 13.8   
    7/20/1987 18   
    8/3/1987 20   
    9/15/1987 18   
    10/5/1987 15   
    11/5/1987 20   
    12/16/1987 26   
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Table C-4: Historic pH Values from Blacklick Creek, Conemaugh River (Tunnelton and 
Seward), and Loyalhanna Creek. 
Historic pH from Lab (Standard Units) 
Date Blacklick Date Conemaugh
-Tunnelton 
Date Conemaugh
-Seward 
Date Loyalhanna  
4/3/1950 3.199 3/31/1950 4 3/31/1950 4.299 4/3/1950 5.899 
6/6/1950 3.599 6/6/1950 4.299 6/6/1950 4.799 6/6/1950 6.699 
7/28/1950 3 7/28/1950 3.399 7/28/1950 4.699 7/31/1950 7.099 
10/23/1950 3.299 10/24/1950 4.299 10/20/1950 5.899 10/24/1950 7.099 
1/25/1951 3.599 1/26/1951 4.399 1/25/1951 5 1/30/1951 6.399 
3/29/1951 3 3/29/1951 4.5 3/29/1951 4.5 3/30/1951 7.599 
6/15/1951 3.199 6/15/1951 4 4/26/1951 5 6/15/1951 6.199 
8/6/1951 2.599 8/6/1951 2.799 6/15/1951 4.399 8/3/1951 6.899 
10/4/1951 2.599 10/4/1951 3 8/20/1951 5 10/5/1951 6.799 
12/3/1951 3.099 12/3/1951 3.899 10/4/1951 5.299 12/3/1951 6.399 
2/18/1952 3.199 2/18/1952 4.199 12/3/1951 5.799 2/18/1952 5.899 
4/23/1952 3.199 4/23/1952 3.799 2/18/1952 5.399 4/23/1952 6 
6/19/1952 2.799 6/19/1952 3.099 4/23/1952 4.599 6/19/1952 5.599 
9/2/1952 2.699 9/3/1952 3.199 6/20/1952 3.299 9/3/1952 6.199 
10/16/1952 2.799 10/16/1952 3.399 9/2/1952 3.699 10/16/1952 5.899 
12/8/1952 3.099 12/8/1952 3.799 11/1/1952 6.399 12/8/1952 5.899 
2/16/1953 3.199 2/16/1953 3 12/3/1952 4.699 2/16/1953 6.299 
4/10/1953 3 4/9/1953 3.5 2/15/1953 4.599 4/10/1953 6.799 
6/11/1953 3.099 6/11/1953 3.5 4/13/1953 4.5 6/18/1953 6.799 
9/11/1953 2.899 9/15/1953 3.299 6/11/1953 4.299 9/15/1953 6.899 
3/18/1954 3.099 3/18/1954 4.199 9/11/1953 7.199 3/16/1954 5.599 
7/9/1954 2.899 7/9/1954 3.199 3/19/1954 5.299 7/9/1954 6.299 
10/1/1954 2.899 11/1/1954 3.299 7/9/1954 3.599 10/5/1954 6.799 
7/7/1955 2.099 7/7/1955 2.399 10/1/1954 6.099 7/8/1955 5.199 
10/19/1955 3.099 10/21/1955 3.599 7/8/1955 4.699 10/24/1955 7.299 
6/12/1958 2.799 6/20/1958 3 10/19/1955 6.5 6/12/1958 7 
8/4/1958 3.599 8/4/1958 4.199 6/12/1958 4 8/5/1958 6.199 
8/20/1958 2.699 8/21/1958 3.099 8/4/1958 4.699 8/18/1958 6.399 
9/16/1958 2.699 9/18/1958 2.899 8/20/1958 4.299 9/16/1958 6.399 
1/13/1959 2.899 1/13/1959 3.299 9/16/1958 3.899 1/7/1959 6.199 
3/2/1959 3.299 3/2/1959 3.5 1/13/1959 5.199 3/3/1959 6.199 
5/6/1959 3.5 5/6/1959 4.399 3/2/1959 4.199 5/6/1959 6.799 
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8/5/1959 2.699 5/15/1959 4 5/6/1959 4.799 5/15/1959 7.199 
10/19/1959 2.799 8/6/1959 3 5/15/1959 5.799 8/5/1959 6.599 
2/8/1960 3.399 10/19/1959 3 8/5/1959 3.599 10/18/1959 7.799 
5/10/1960 3.599 2/9/1960 4.699 10/16/1959 3.299 2/8/1960 6.399 
Table C-4 Continued 
Date Blacklick Date Conemaugh
-Tunnelton 
Date Conemaugh
-Seward 
Date Loyalhanna  
8/15/1960 2.699 5/12/1960 4 2/8/1960 6.799 5/10/1960 6.699 
11/30/1960 2.899 8/16/1960 3.099 5/10/1960 5 8/15/1960 6.799 
4/26/1961 3.799 11/30/1960 3 8/15/1960 4.299 11/30/1960 6.799 
6/5/1962 2.799 4/26/1961 4.799 11/30/1960 6.5 4/27/1961 6.599 
9/6/1962 3.099 6/21/1962 3.299 6/21/1962 4.899 6/21/1962 6.799 
12/4/1962 3 9/13/1962 3.399 9/12/1962 7.299 9/13/1962 7.199 
3/12/1963 3.5 12/13/1962 4.699 12/14/1962 5.799 12/13/1962 7.099 
6/18/1963 2.899 3/21/1963 4.299 3/20/1963 4.599 3/21/1963 6.099 
8/30/1963 2.699 6/4/1963 3.299 6/4/1963 4 6/5/1963 7 
12/5/1963 3.199 9/18/1963 3.099 9/19/1963 7.5 9/17/1963 7 
2/27/1964 3.399 12/19/1963 3.599 12/18/1963 3.699 12/13/1963 4.399 
5/19/1964 2.799 3/13/1964 4.399 3/13/1964 4.599 3/16/1964 6.5 
8/20/1964 2.899 6/11/1964 3.299 6/11/1964 4.6 6/12/1964 6.5 
11/18/1964 2.899 9/3/1964 3.199 9/4/1964 4.799 9/3/1964 6.5 
2/15/1965 3.5 11/24/1964 3.599 11/24/1964 6 12/2/1964 6.099 
5/14/1965 3.199 2/25/1965 3.599 3/2/1965 4.599 3/8/1965 6.699 
8/18/1965 2.599 5/24/1965 3.299 5/24/1965 4.199 5/27/1965 6.799 
11/9/1965 2.899 8/27/1965 3.199 8/27/1965 5.5 8/26/1965 6.699 
2/3/1966 2.799 11/30/1965 4 11/30/1965 6.299 11/30/1965 7 
5/3/1966 3.199 2/16/1966 5.099 2/16/1966 5 2/23/1966 6.799 
7/26/1966 2.699 5/11/1966 4.299 5/11/1966 4.899 5/11/1966 7 
10/25/1966 2.799 8/9/1966 3 8/9/1966 5.299 8/10/1966 6.299 
1/19/1967 3 11/15/1966 4.299 11/15/1966 5.199 11/14/1966 6.699 
4/12/1967 2.799 2/1/1967 4.5 2/1/1967 5 2/1/1967 6.099 
6/30/1967 2.799 4/26/1967 4.299 4/26/1967 4.599 4/24/1967 6.299 
10/4/1967 3 7/31/1967 4 7/31/1967 5.699 7/31/1967 7.399 
1/16/1968 2.799 10/17/1967 3.5 10/17/1967 5.799 10/17/1967 7.399 
4/3/1968 3.299 1/17/1968 3.699 1/17/1968 4.899 1/24/1968 6.5 
6/26/1968 2.799 4/17/1968 3.099 4/16/1968 4.099 4/16/1968 6.899 
10/8/1968 3 7/16/1968 3.299 7/16/1968 3.699 7/16/1968 7.599 
1/9/1969 3.099 10/7/1968 3.299 10/8/1968 4.199 10/8/1968 6.599 
4/8/1969 3.299 1/7/1969 4.299 1/9/1969 4.599 1/30/1969 7 
7/9/1969 3.299 4/8/1969 4.099 4/8/1969 5 4/8/1969 6.699 
9/30/1969 2.699 7/9/1969 3.199 7/9/1969 4 7/9/1969 7.299 
1/7/1970 3 10/2/1969 3.099 10/6/1969 3.599 10/6/1969 7.299 
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4/2/1970 3.5 1/7/1970 4.199 1/7/1970 5.699 1/7/1970 6.699 
6/30/1970 2.9 4/2/1970 4.399 4/2/1970 4.699 4/1/1970 7.099 
7/1/1970 2.9 7/2/1970 3.599 7/2/1970 4 7/2/1970 7.799 
10/2/1970 2.799 9/30/1970 3.099 9/30/1970 4.099 10/2/1970 7.899 
Table C-4 Continued 
Date Blacklic
k 
Date Conemaugh
-Tunnelton 
Date Conemaugh
-Seward 
Date Loyalhann
a  
1/7/1971 3.599 12/31/1970 4.199 1/4/1971 4.399 12/31/1970 7.099 
4/8/1971 3.299 4/8/1971 3.799 4/8/1971 4.699 4/8/1971 6.899 
6/29/1971 2.899 6/28/1971 3.199 6/28/1971 3.399 6/29/1971 7.4 
9/28/1971 3.4 10/9/1971 3.5 9/29/1971 4.3 9/29/1971 7.3 
1/5/1972 3.6 1/6/1972 4.199 1/6/1972 4.599 1/4/1972 6.5 
3/28/1972 3.699 3/30/1972 4.4 3/28/1972 4.7 3/28/1972 6.3 
8/2/1972 3.299 8/9/1972 3.5 10/25/1972 4.199 8/1/1972 7.099 
1/4/1973 3.299 1/4/1973 3.6 1/10/1973 4.699 9/22/1972 9.5 
4/4/1973 3.699 4/4/1973 4.099 4/4/1973 4.899 10/16/1972 8.599 
7/19/1973 3.099 7/19/1973 3.399 7/26/1973 3.6 11/24/1972 6.899 
9/28/1973 3.3 9/28/1973 3.6 12/27/1973 5.7 12/21/1972 6.399 
12/27/1973 4 12/27/1973 5.1 1/14/1975 5 2/7/1973 7.599 
3/27/1974 3.399 3/27/1974 3.8 8/12/1975 3.7 3/28/1973 7 
6/27/1974 3.399 4/28/1975 4.7 2/10/1976 4.9 4/26/1973 6 
9/26/1974 3.699 11/6/1975 4 3/11/1976 4.9 6/12/1973 6.799 
1/7/1975 4.099 1/7/1976 6.4 4/14/1976 4.8 7/2/1973 7.699 
4/11/1975 3.6 2/10/1976 4.9 5/28/1976 4.7 8/29/1973 7.699 
4/18/1975 7.2 3/17/1976 4.9 6/16/1976 4.9 1/3/1974 7 
5/29/1975 3.6 4/9/1976 5 7/15/1976 4.3 5/16/1975 7.4 
6/24/1975 7.4 5/3/1976 4.1 8/12/1976 4.4 8/20/1975 7.1 
8/13/1975 3 9/21/1976 3.8 9/16/1976 5.9 2/6/1976 7.2 
11/25/1975 4.3 11/4/1976 4.5 10/22/1976 4.4 8/6/1976 7.4 
1/28/1976 4.3 2/7/1978 4 12/16/1976 4.8 8/22/1977 7.4 
2/10/1976 4 3/8/1978 4.2 2/15/1977 4.9 11/2/1977 8.8 
3/18/1976 4.5 4/24/1979 4.3 3/22/1977 5.1 11/22/1977 6.6 
4/15/1976 4.4 8/7/1979 4.5 4/13/1977 4.5 12/19/1977 7 
5/28/1976 3.9 11/17/1979 4.1 5/12/1977 4.1 1/30/1978 6.5 
6/18/1976 3.3 2/5/1980 4.8 6/21/1977 4.1 1/31/1978 6.8 
7/15/1976 3.6 4/3/1980 5.2 8/31/1977 3.7 2/21/1978 6.1 
8/12/1976 3.5 5/14/1980 5.6 9/7/1977 6.7 2/28/1978 6.7 
9/17/1976 3.4 7/24/1980 4.8 9/17/1977 4.2 4/26/1978 6.3 
10/22/1976 3.8 8/27/1980 4.2 11/2/1977 4.7 5/30/1978 7.5 
11/23/1976 4.8 2/4/1981 5.8 11/22/1977 5 8/22/1978 9 
12/16/1976 4.7 5/13/1981 4.5 12/19/1977 4.8 11/15/1978 6.7 
2/16/1977 4.1 8/26/1981 4 1/31/1978 4.9 2/8/1979 9.7 
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3/22/1977 4.3 9/4/1981 4.5 2/27/1978 4.8 5/24/1979 6.6 
4/13/1977 3.7 9/4/1981 4.5 3/30/1978 4.7 8/14/1979 6.8 
5/10/1977 3.9 9/4/1981 4.5 5/30/1978 4.4 2/28/1980 7.2 
6/29/1977 3.4 9/4/1981 4.5 6/27/1978 4.1 5/19/1980 8.4 
Table C-4 Continued 
Date Blacklic
k 
Date Conemaugh
-Tunnelton 
Date Conemaugh
-Seward 
Date Loyalhann
a  
7/18/1977 4 9/4/1981 4.5 7/27/1978 3.9 8/27/1980 6.9 
8/18/1977 3.8 9/7/1981 4.9 8/21/1978 4 11/13/1980 8.2 
10/26/1977 4.2 9/7/1981 4.8 9/21/1978 4 2/19/1981 6.7 
12/14/1977 3.6 9/7/1981 4.9 10/25/1978 4.4 5/12/1981 6.9 
4/20/1979 3.6 9/7/1981 4.85 11/14/1978 4.5 8/12/1981 8.8 
4/23/1979 3.7 9/7/1981 4.9 12/28/1978 5.7 11/17/1981 6.7 
5/31/1979 4 9/7/1981 4.9 1/31/1979 4.8 2/3/1982 6.4 
7/19/1979 3.7 2/24/1982 5.1 3/27/1979 5.1 5/26/1982 5.9 
8/7/1979 3.7 5/11/1982 4.5 5/24/1979 5.4 8/11/1982 7.4 
9/6/1979 4 8/5/1982 4 6/26/1979 4.5 11/4/1982 7.7 
10/17/1979 4.4 11/17/1982 4.4 7/12/1979 4.6 2/9/1983 6.4 
11/17/1979 3.7 2/4/1983 5.65 8/8/1979 4.2 5/3/1983 7.1 
12/5/1979 3.9 2/4/1983 5.45 9/24/1979 5 8/3/1983 6.6 
1/7/1980 4.5 2/4/1983 5.65 10/30/1979 4.4 11/15/1983 6.6 
2/5/1980 4.4 2/4/1983 5.7 12/27/1979 5.9 2/7/1984 6.4 
4/3/1980 3.9 2/4/1983 5.65 1/28/1980 5 5/2/1984 6.8 
5/8/1980 3.86 2/4/1983 5.45 2/28/1980 5.5 8/7/1984 7.1 
5/14/1980 3.9 2/4/1983 5.58 3/25/1980 6 10/19/1984 7.1 
7/23/1980 4.2 2/4/1983 5.55 4/15/1980 5.8 2/20/1985 6.7 
8/26/1980 3.6 2/4/1983 5.6 5/29/1980 4.7 5/13/1985 6.5 
9/23/1980 3.6 2/4/1983 5.62 6/30/1980 4.7 8/19/1985 6.7 
1/19/1981 4.5 2/10/1983 5.6 7/29/1980 4.9 10/10/1985 7.1 
2/4/1981 4.3 3/23/1983 5.92 8/27/1980 4 2/20/1986 6.6 
3/18/1981 4.5 3/23/1983 5.45 9/17/1980 4 5/6/1986 6 
4/21/1981 4.2 3/23/1983 5.65 10/8/1980 4.3 8/4/1986 8 
5/13/1981 4.5 3/23/1983 6.15 11/19/1980 4.6 11/5/1986 5.9 
6/24/1981 4.3 3/23/1983 5.89 12/11/1980 5.9 2/12/1987 6.3 
7/7/1981 4 3/23/1983 5.89 1/8/1981 5.2 5/5/1987 6.4 
8/26/1981 3.5 3/23/1983 5.62 2/19/1981 5.8 8/3/1987 6.5 
9/16/1981 3.8 3/23/1983 5.69 3/19/1981 4.9 11/18/1987 6.7 
10/28/1981 4.5 3/23/1983 5.69 4/21/1981 4.7   
11/23/1981 4.2 3/23/1983 5.85 5/12/1981 4.5   
12/2/1981 4.4 4/11/1983 6.75 6/25/1981 9.1   
1/6/1982 4.4 4/11/1983 5.81 7/16/1981 3.8   
2/24/1982 4.6 4/11/1983 5.98 8/12/1981 4.2   
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3/3/1982 4.6 4/11/1983 5.65 9/17/1981 4.3   
5/11/1982 4.6 4/11/1983 5.78 10/14/1981 4.5   
7/13/1982 3.9 4/11/1983 5.85 11/17/1981 4.6   
9/28/1982 3.7 4/11/1983 5.95 12/29/1981 5.3   
Table C-4 Continued 
Date Blacklic
k 
Date Conemaugh
-Tunnelton 
Date Conemaugh
-Seward 
Date Loyalhann
a  
10/21/1982 3.8 4/11/1983 6.09 1/6/1982 5.8   
11/15/1982 4.7 4/11/1983 5.8 2/3/1982 5.5   
2/2/1983 4.7 4/11/1983 5.65 3/16/1982 5.4   
3/22/1983 4.9 5/23/1983 5.6 4/8/1982 5.3   
4/11/1983 4.7 6/23/1983 5.39 5/26/1982 4.1   
5/18/1983 4.8 6/24/1983 5.23 6/16/1982 4.7   
6/2/1983 4.5 8/4/1983 4.2 7/6/1982 4.2   
7/11/1983 3.9 11/15/1983 5.7 7/14/1982 3.8   
8/2/1983 3.9 12/8/1983 6.88 8/11/1982 3.9   
9/21/1983 3.6 12/8/1983 6.55 9/16/1982 3.8   
10/4/1983 3.7 12/8/1983 6.78 10/14/1982 3.9   
11/15/1983 4.9 12/8/1983 6.6 11/4/1982 3.8   
12/20/1983 4.5 12/8/1983 6.55 12/2/1982 5.7   
3/1/1984 4.8 12/8/1983 6.58 1/18/1983 5.9   
3/29/1984 4.8 12/8/1983 6.72 2/9/1983 5.7   
4/26/1984 4.4 12/8/1983 6.45 3/9/1983 5.1   
5/23/1984 4.6 12/8/1983 6.7 4/5/1983 4.9   
6/21/1984 4.8 12/8/1983 6.75 5/3/1983 6   
7/24/1984 4 12/8/1983 6.55 6/8/1983 4.5   
8/9/1984 4 2/17/1984 6.45 7/6/1983 4.2   
9/19/1984 3.8 2/17/1984 6.45 8/3/1983 3.6   
10/17/1984 3.8 2/17/1984 6.35 9/7/1983 3.8   
10/22/1984 3.8 2/17/1984 6.48 10/19/1983 5.2   
11/13/1984 4.8 2/17/1984 6.62 11/15/1983 5.2   
12/17/1984 4.8 2/17/1984 6.32 12/21/1983 4.9   
1/10/1985 4.7 2/17/1984 6.48 1/11/1984 4.8   
2/25/1985 4.7 2/17/1984 6.48 2/7/1984 5.3   
3/6/1985 4.7 2/17/1984 6.55 3/8/1984 5.3   
4/25/1985 3.9 2/17/1984 6.42 4/4/1984 5   
5/15/1985 3.8 3/1/1984 5.2 5/2/1984 4.8   
6/13/1985 4.1 5/23/1984 4.9 6/14/1984 6.2   
7/24/1985 4 8/9/1984 4.7 7/5/1984 5.2   
8/12/1985 3.8 10/17/1984 4.3 8/7/1984 4.9   
9/3/1985 3.6 10/22/1984 4.2 9/13/1984 4.2   
10/1/1985 3.8 2/20/1985 5.2 10/18/1984 4.2   
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11/19/1985 4.1 5/7/1985 4.5 11/13/1984 5.2   
12/2/1985 3.9 5/8/1985 5 12/11/1984 5.8   
1/2/1986 3.7 7/24/1985 4.7 1/16/1985 4.9   
2/27/1986 4.4 8/12/1985 4.5 2/20/1985 5.1   
Table C-4 Continued 
Date Blacklic
k 
Date Conemaugh
-Tunnelton 
Date Conemaugh
-Seward 
Date Loyalhann
a  
3/11/1986 4.6 11/19/1985 5.7 3/18/1985 4.8   
4/10/1986 4.6 2/27/1986 5.2 4/8/1985 4.8   
5/7/1986 4.1 5/7/1986 4.7 5/16/1985 4.2   
6/24/1986 3.7 8/6/1986 4.2 6/19/1985 4.3   
7/1/1986 3.6 11/4/1986 4.5 7/16/1985 4.5   
8/6/1986 3.6 2/23/1987 5 8/27/1985 4   
9/24/1986 3.7 5/4/1987 4.8 9/9/1985 4.1   
10/16/1986 4.4 8/19/1987 4.6 10/16/1985 4   
11/4/1986 3.8 11/5/1987 4.7 11/18/1985 5.8   
12/11/1986 4.6 1/25/1988 6 12/4/1985 4.7   
1/15/1987 4.6 2/9/1988 6 1/2/1986 4.7   
2/23/1987 4.8 3/7/1988 6.33 2/24/1986 4.9   
3/9/1987 4.9 3/8/1988 6.22 3/12/1986 5.8   
4/13/1987 4.6 3/17/1988 5.5 4/10/1986 4.7   
5/4/1987 4.7 4/6/1988 4.8 6/2/1986 4.3   
6/15/1987 4 5/12/1988 5.9 6/24/1986 4.2   
7/20/1987 3.9 6/20/1988 4.5 7/10/1986 4.3   
8/17/1987 3.7 7/5/1988 4.4 8/5/1986 4.4   
8/17/1987 3.7 8/9/1988 4.7 9/9/1986 4.3   
9/15/1987 3.8 9/8/1988 5.3 10/7/1986 5.6   
10/5/1987 4.8 9/26/1988 6.73 11/4/1986 4.2   
11/5/1987 4.8 10/3/1988 4.9 12/2/1986 5.6   
12/16/1987 4.9 10/4/1988 4.86 1/14/1987 4.9   
1/25/1988 4.8 11/9/1988 5.9 2/12/1987 5   
2/17/1988 4.6 12/5/1988 5.7 3/3/1987 5.7   
3/9/1988 4.7 1/5/1989 6 4/13/1987 5.2   
4/6/1988 4.5 2/14/1989 6 5/12/1987 4.7   
5/12/1988 4.7 3/9/1989 6 6/15/1987 5   
6/14/1988 3.9 4/6/1989 5.4 7/20/1987 4.3   
7/5/1988 3.7 5/18/1989 5.9 8/3/1987 4.1   
8/9/1988 3.6 6/20/1989 5 9/15/1987 4.3   
9/8/1988 3.9 7/11/1989 6.2 10/5/1987 5.9   
10/3/1988 3.6 8/10/1989 4.7 11/5/1987 4.3   
11/9/1988 4.7 9/12/1989 4.5 12/16/1987 6   
12/5/1988 5 10/12/1989 4.9     
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1/5/1989 4.8 11/13/1989 5.9     
2/7/1989 4.9 1/8/1990 6.5     
3/14/1989 4.4 2/8/1990 6.4     
4/4/1989 4.3 3/6/1990 5.1     
Table C-4 Continued 
Date Blacklic
k 
Date Conemaugh
-Tunnelton 
Date Conemaugh
-Seward 
Date Loyalhann
a  
5/17/1989 4.8 4/10/1990 6.3     
6/7/1989 4.2 5/9/1990 6.1     
7/11/1989 4.2 6/7/1990 5.9     
8/2/1989 3.8 7/12/1990 5.9     
9/5/1989 3.6 8/21/1990 4.8     
9/14/1989 3.81 9/6/1990 5.5     
10/3/1989 3.9 10/10/1990 5.8     
11/7/1989 4.6 11/14/1990 6.5     
12/6/1989 4.7 12/6/1990 6.4     
1/4/1990 4.5 1/10/1991 6.2     
2/13/1990 4.5 2/6/1991 6.1     
3/6/1990 4.8 3/6/1991 6.3     
4/10/1990 4.6 4/9/1991 5.5     
5/9/1990 4.4 5/9/1991 6.3     
6/6/1990 4.6 6/12/1991 4.7     
7/11/1990 4.3 7/9/1991 4.7     
8/8/1990 3.9 8/13/1991 4.8     
9/13/1990 4.1 9/5/1991 4.7     
10/3/1990 4.8 10/16/1991 4.8     
11/13/1990 4.9 11/7/1991 4.6     
12/6/1990 5 12/12/1991 6.2     
1/3/1991 4.7 1/7/1992 6     
2/21/1991 4.8 2/11/1992 6     
3/6/1991 4.8 3/17/1992 6.4     
4/3/1991 4.6 4/7/1992 5.6     
5/2/1991 4.7 5/13/1992 6     
6/12/1991 3.8 6/17/1992 4.6     
7/9/1991 4.6 7/1/1992 4.7     
8/5/1991 3.6 8/18/1992 5.5     
9/18/1991 3.6 9/3/1992 5.7     
10/1/1991 3.7 10/7/1992 5.3     
11/7/1991 4.4 11/12/1992 6.4     
12/3/1991 4.8 12/16/1992 6.4     
1/9/1992 4.7 1/5/1993 6.1     
2/4/1992 4.8 2/17/1993 6     
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3/5/1992 4.8 3/18/1993 6.6     
4/16/1992 4.3 4/14/1993 5.7     
5/7/1992 4.5 5/6/1993 4.7     
6/8/1992 4.1 6/8/1993 4.3     
Table C-4 Continued 
Date Blacklic
k 
Date Conemaugh
-Tunnelton 
Date Conemaugh
-Seward 
Date Loyalhann
a  
7/7/1992 3.7 7/14/1993 4.6     
8/4/1992 4.6 8/4/1993 4.8     
9/10/1992 3.9 9/8/1993 4.7     
10/7/1992 4.6 10/5/1993 6     
11/12/1992 5.5 11/4/1993 6.4     
12/15/1992 4.9 12/7/1993 6.2     
1/5/1993 5 1/13/1994 6     
2/3/1993 4.7 2/14/1994 6.1     
3/2/1993 4.9 3/8/1994 5.8     
4/14/1993 4.8 4/5/1994 5.4     
5/12/1993 4.3 5/3/1994 5.1     
6/8/1993 4.8 6/6/1994 4.9     
7/14/1993 3.9 7/6/1994 4.7     
8/2/1993 4 8/2/1994 4.5     
9/2/1993 3.5 9/8/1994 5.6     
10/14/1993 4.9 10/11/1994 5.7     
11/4/1993 5.8 11/17/1994 6.2     
12/2/1993 4.3 12/7/1994 6.5     
1/13/1994 4.7 1/11/1995 6.4     
2/2/1994 4.7 2/9/1995 6.2     
3/8/1994 4.8 3/15/1995 6.1     
4/11/1994 4.9 4/10/1995 6.2     
5/3/1994 5.1 5/16/1995 6.5     
6/15/1994 4 6/8/1995 6.3     
7/6/1994 3.6 7/19/1995 6.2     
8/10/1994 3.8 8/16/1995 5.4     
9/8/1994 4.2 9/19/1995 4.7     
10/11/1994 4.7 10/19/1995 4.9     
11/17/1994 6.1 11/7/1995 5.1     
12/7/1994 5.7 12/5/1995 6.2     
1/11/1995 5.1 1/17/1996 6.2     
2/9/1995 5 2/13/1996 6.1     
3/15/1995 5 3/13/1996 6.2     
4/10/1995 5.9 4/3/1996 5.9     
5/16/1995 5.5 5/20/1996 6     
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6/6/1995 4.9 6/13/1996 5.9     
  7/2/1996 5.9     
  8/23/1996 5.9     
  9/19/1996 6.2     
Table C-4 Continued 
Date Blacklic
k 
Date Conemaugh
-Tunnelton 
Date Conemaugh
-Seward 
Date Loyalhann
a  
  10/8/1996 6.3     
  11/13/1996 6.3     
  12/16/1996 6.4     
  1/15/1997 6.2     
  2/19/1997 6.1     
  3/13/1997 6.3     
  4/22/1997 5.9     
  5/8/1997 6.1     
  6/19/1997 6.2     
  7/15/1997 5.9     
  8/5/1997 6.2     
  9/11/1997 5.8     
  10/15/1997 6.6     
  11/17/1997 6.5     
  12/15/1997 6.3     
  1/14/1998 6.3     
  2/10/1998 6.3     
  3/26/1998 6.2     
  4/20/1998 6.2     
  5/21/1998 6.2     
  6/18/1998 6.5     
  7/7/1998 6.4     
  8/5/1998 6.4     
  10/21/1998 6.2     
  12/14/1998 6.2     
 
 
 
 
 
 
 
 200 
   
 
Table C-5:  Historic Data Sources and Site Locations.     
Sampler Site Latitude Longitude 
Conemaugh-Tunnelton    
Coe Huntington Dist       Conemaugh River At Tunnelton, Pa. - 
Mile 5.6     
40.454444 -79.391111 
Pennsylvania Dpt Env Prot Conemaugh Rvr-Sr3003 (Lr64269) Br 
Nr Tunnelton   
40.454444 -79.391111 
Usgs Pennsylvania Water 
Science Center 
Conemaugh River At Tunnelton, Pa 40.4545117 -79.3908724 
Pennsylvania Dpt Env Prot Conemaugh Rvr-Sr3003 (Lr64269) Br 
Nr Tunnelton   
40.454444 -79.391111 
Coe Huntington Dist       Conemaugh River - 7.2                            40.461389 -79.368056 
Coe Huntington Dist       Conemaugh River At Tunnelton, Pa. - 
Mile 5.6     
40.454444 -79.391111 
Coe Huntington Dist       Conemaugh River At Tunnelton, Pa 
Bridge Mile 5.6 
40.453889 -79.391389 
Conemaugh-Seward    
Pennsylvania Dpt Env Prot Conemaugh Rvr-Rte 56 Br-Seward                   40.419167 -79.026389 
Usgs Pennsylvania Water 
Science Center 
Conemaugh River At Seward, Pa 40.4192377 -79.0261404 
Pennsylvania Dpt Env Prot Conemaugh Rvr-Rte 56 Br-Seward                   40.419167 -79.026389 
Blacklick Creek    
Pennsylvania Dpt Env Prot Blacklick Crk-T660 Br Nr Josephine-
Burrell Twp   
40.473333 -79.183611 
Coe Huntington Dist       Blacklick Creek Arm - Mile 9.9                   40.473333 -79.203611 
Usgs Pennsylvania Water 
Science Center 
Blacklick Creek At Josephine, Pa 40.4770127 -79.1867009 
Pennsylvania Dpt Env Prot Blacklick Crk-T660 Br Nr Josephine-
Burrell Twp   
40.473333 -79.183611 
Coe Huntington Dist       Blacklick Creek Arm - Mile 11.2                  40.476944 -79.187222 
Loyalhanna Creek    
Pennsylvania Dpt Env Prot Loyalhanna Crk-Concrete Fording 
Point Off Rt30   
40.2864596 -79.3194793 
Usgs Pennsylvania Water 
Science Center 
Loyalhanna Creek At Kingston, Pa 40.2925705 -79.340591 
Coe Huntington Dist       Loyalhanna Creek - Mile 23.2                     40.291806 -79.341389 
Kiskiminetas    
Pennsylvania Dpt Env Prot Kiskiminetas Rvr-Rte 56 Br-
Vandergrift           
40.606111 -79.560833 
Ohio R Valley Water       Kiskimetas R @ Vandergrift Pa                    40.605556 -79.554167 
Usgs Pennsylvania Water 
Science Center 
Kiskiminetas River At Vandergrift, Pa 40.6045099 -79.5519887 
Usgs Pennsylvania Water 
Science Center 
Kiskiminetas River At Leechburg, Pa 40.6258989 -79.6086568 
 
 
